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PREFACE. 

A special Pocket-book of Memoranda, Tables, &c., han long 
been a desideratum with Marine Engineers. In the existing 
pocket-books, Marine Engineering matters are only dealt with 
generally, and such information as is given is in some cases very 
restricted, in others obsolete, and in all too scattered to be useful. 
We, ourselves, have experienced this want, and have heard on 
all hands the desire expressed for a Pocket-book in which Marine 
Engineering questions are dealt with thoroughly, are easy to 
find, and not '* mixed up " with general information in such a 
way as to render the seeking of them difficult and tedious. 

We therefore trust that in presenting this book to the public 
we have not only fulfilled the task we set ourselves, but have 
supplied this long felt want in a manner that will prove satis- 
factory to all engaged in Marine Engineering affairs. While 
we have been careful to make the book of special value to 
Marine Engineers, we have omitted nothing, so far as we know, 
that would be of use and importance to others having to do with 
Ships and their machinery ; at the same time, we have avoided 
the introduction of extraneous matter of only general interest, 
which would make the volume so bulky, and the arrangement 
: of it so complex, as to very materially detract from its usefulness. 
Hence, we have, while not altogether neglecting past experience, 
but omitting information now almost only historic, devoted our 
attention generally to the most modern and approved practice. 

We have dealt with steel as the material in general use, and 
I not, as heretofore, an exceptional thing to be found only in high- 
I class structures ; the Tables of Weights, &c., are, therefore, given 
I fully for this material. 



Vi INDEX. 

Inasmucli as the practice in a considerable part of tlie Mer- 
cantile Marine is now more nearly approaching that followed in 
Naval ships, as to speed and economy of weight, than was 
formerly the case, the information and formulae pertaining to 
light fast-running machinery have been elaborated and based on 
the most recent practice of the leading firms of Manufacturing 
Engineers. 

In conclusion, we trust that the book may be received favour- 
ably, and found of use by practical men, and that any short- 
comings may be overlooked on the score that it is the production^ 
of the spare moments of busy men, rather than of those having 
ample leisure. 

A. E. S. 
H. M. E. 

NfroemheTy 1893. 
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MARINE ENGINEERING RULES 
AND TABLES. 



HORSE-POWERS. 



Hom&ial Hofse-power, as understood by Watt, was both a 
measure of the commercial value of an engine, and of the power it 
migbt be expected to develop in ordinary work. Gradually, however, 
as it became possible to construct boilers to supply steam at higher 
than atmospheric pressure, the powers developed oy engines excelled 
the nominal horse-powers, until it was necessary to alter Watt's rule, 
or to devise another that would give values more in accordance with 
facts. Alterations of this kind were made from time to time, by 
various private persons and public bodies, in different parts of the 
country ; but they rarely obtained general acceptance, and, being 
without any proper scientific basis, were soon rendered useless by the 
rapid advances made in engineering construction. 

Thus, for many years, and until about ten years ago, a marine 
engine was expected to indicate about five times its nominal horse- 
power. The rule then in use was as follows : — 

Sum of squares of piston diameters 
IJ.H.P. - 30 to 88 (according to district) 

boiler pressure, piston speed, &c, being left entirely out of considera- 
tion. It is, of course, nardly necessary to say that such a rule was 
quite useless for any scientific purpose ; whilst, even for commercial 
purposes, it gave only a very imperfect idea of the relative values of 
different engines. 

The matter was still in this chaotic condition when, in 1888, 
Mr Seaton, in his " Manual of Marine Engineering," suggested the use 
of £.H.P., or Estimated Horse-power, and gave the following 
formula for calculating it : — 

Rnlci. E.H.P. ^ 

where D is diameter of L.P. cylinder; P, absolute boiler pressure; 
R, revolutions per minute ; and S, stroke in feet. 
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This formula, which had already been tested by ten years' nse, was 
at once adopted by several firms,— some employing £.fi.P. in lieuol 

N.H.P., and others using ' J ' aa being more easily comparablft 

with the previously used N.H.P. 

About 1 887, the then recently-formed North-East Coast Institutioa 
of Engineers and Shipbuilders turned attention to the miitter, and^ 
toward the end of 1888, issued the report of their committee on thi 
subject, which, — further developing the E.H.P. idea, — ^proposed thi 
following very complete formulse as a solution of the question : — 

Rulex N.I.H.P.J??^^^«|)^f 

Where N. I. H. P. = Maximum normal indicated horse power, on loaded 

trial trip, of surface-condensing screw engines, j 

working at any pressure between 50 and 250 lbs., i 

under " normal conditions. I 

D = Diameter of L.P. cylinder, in inches (if more than | 

one D^ must equal sum of squares). 
S-= Stroke, in inches. 1 

P= Working pressure, in lbs., above atmosphere. 
H>= Heating surface of boilers in sq. feet. 
Pm = Mean pressure, in lbs., referred to L.P. cylinder. 
The conditions assumed as " normal " are as follows : — That 

(1) Steam of all pressures is expanded down to the same terminal 

pressure ; 

(2) Expansion is efifected with same degree of efficiency for all 

pressures ; 

(3) Piston speeds are proportional to cube roots of strokes, and, 

further, actual loaded trial-trip piston speed may be taken 
as 144VS ; 

(4) In all cases where relative proportions of engine and boiler 

prevent (1) being fulfilled without violating (3), the coal 
consumption will not be affected, but will be constant for 
the same boiler pressure ; 

(5) Boilers are of usual proportions and construction, and the 

horse-power proportional to heating surface (H), and to cube 
root of pressure (-s/P) ; and further, actual loaded trial- trip 

H\/P" 
horse-power may be taken as ,g ; 

<6) Efficiency of en^ne mechanism is constant, and the propellei 

such tnat engines will utilize boiler power, referred to in (5), 

in manner prescribed in (3) and (4). 

As a result of (1) and (2), it follows that mean pressure referred to 

L.P. cylinder (Pm)_may be assumed as proportional to cube root ol 

boiler pressure (\/P)) '^t^^ further, that its actual_loaded trial-trip 

value may be taken, without sensible error, as 5'6'v'^P, 
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The normal lelatioii between engines and boilers is expressed by the 
equation. 

It is remarked that the results obtained by the above fommla for 
N.I.H.P., if divided by 6, ^re quantities comparing very nearly with 
those i^ven by the old nomuial horse-^wer rule. 

It is also claimed that, — ^for machinery of same type and design, 
proportions and arrangement, built of similar materials, under similar 
circumstances, to similar factors of safety, and not differing very 
widely in size, — the weights and costs will vary almost exactly as 
N.I.H.P. 

For paddle engines the same rule may be used, with the co-efficients 
altered to suit the piston speeds usual for these engines. Assuming 
that, under (4), piston speed of paddle engines may be taken at 
90's/S, the rule may, without sensible error, be written, — 



R^^ N.I.H.P.J-^<^^|^ 



160 

and the normal relation between engines and boilers will be 
expressed by, — 

XT D^VS 

It is, of course, evident that for any rule to be general in its applica- 
tion, or to be possible at all, all engines must be assumed to conform 
to certain '* normal" conditions ; and it also seems clear that relative 
values of engines and boilers can be most conveniently and aptly 
expressed in terms of horse-power that would be indicated under such 
conditions ; and it would therefore appear that the above rules satis- 
factorily comply with these preliminary considerations, and, having 
otherwise* a thoroughly sound scientific basis, they should come into 
general use, and be of great value, both to professional and commercial 
men. 

Another rule, now very generally accepted in the North East Coast 
district is, — 



Role 4> N.H.P. - Di' + D^' + D.' x ^T 



where D1D2DS are the diameters of the cylinders in inches, and S, — 
the stroke, — also in inches. 

The " Standard practice " of that district, for triple engines, work- 
ing at 160 lbs. pressure, is base4 upon this rule, and the proportions 
adopted are shown by tiie following Table :— ' 



4* 
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Table I.— Sixes of cylinders, &&, and corresponding: N.H.P. 




Diara. of cyls. in inches. 


Sod 




Dian. of cyls. in inches. 


.Ssi 


N.H.P. 








2-S 

Ms 


N.H.P. 








3S.S| 


fl.P. 


M.P. 


L.P. 




H.P. 


M.P. 


L.P. 


20 


8 


13 


22 


18 


140 


19 


31i 


514 


36 


30 


H 


16i 


26 


21 


160 


20 


32i 


53 


36 


40 


11 


18 


30 


21 


160 


20 


33 


64 


39 


50 


12i 


20 


33 


24 


170 


20i 


34 


56 


39 


60 


13i 


22 


36 


24 


180 


21 


35 


57 


39 


70 


14 


23 


38 


27 


190 


214 


36 


69 


39 


80 


15i 


25 


40 


27 


200 


22 


36^ 


60 


42 


90 


16 


26 


43 


30 


225 


23 


38 


63 


42, 


100 


16i 


27 


45 


30 


250 


24J 


40 


66 


45' 


110 


17 


28 


46 


33 


275 


25 


41i 


69 


45' 


120 


18 


29 


48 


33 


300 


26 


43 


71 


48 


130 


18i 


30 


50 


33 


... 


... 


... 


... 


•'• 



For registration purposes the Board of Trade still use the old rule for 
nominal horse-power above referred to, viz. :— 



Rules 



N.H.P. - A 



where S is the sum of the squares of the diameters, in inches, of all 
the cylinders. 

The rule now used by Lloyds, for determining amount of survey j 
fees, &c., was brought into use about three years ago, and is as 
follows : — 

Rule 6. N.H.P. (of Triple engine) - J (?iiL^S + 1.) 

^ 100 15'' 

where D = diameter of L.P. cylinder in inches. 
S = stroke in inches. 
H = heating surface in square feet. 

Indicated Horse-power.—The indicated horse-power of an engine 
may be defined as the measure of work done in the steam cylinder, as 
shown by the indicator diagrams, and is equal to (area of piston in 
square inches x mean pressure in lbs. per square inch x number ol 
feet travelled through by piston, per minute) v 83,000 ; or, — 



Rule 7. 



I.H.P. 



A X P X 



33,000 

Piston speed, S, is equal to stroke in feet x 2 x number of revolu- 
tions per minute. 

In the case of engines having more than one steam cylinder, tht 
I.H.P. of each cylinder is determined separately, and the sum of 
these is the I.H.P. of the engiAe. 
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Wbere accaracy is required, the sectional area of any piston rod, or 
rods, should be dedncted in calculating the areas of pistons. 

The mean pressore is determined from the indicator diagrams as 
follows : — 

Let fig. 1 represent a pair of diagrams from the L.P. cylinder of a 
compound engine. Draw two perpendiculars to the atmospheric line 
AB, one at each end of, and touching the diagrams. Then divide the 
space between these perpendiculars into ten equal parts, placing the 
division marks so that there shall be half a space at each end, and 
draw a vertical ordinate through each mark. Then take the scale 
corresponding to the spring usra in the indicator, measure off the 
breadths of the diagrams at each ordinate, and figure them on ends 
of ordinates as shown, keeping the figures referring to each diagram 
in a separate column. 



^ ? 1 ^ 




If these columns of figures are now added up, and the sum of each 
divided by ten, two mean pressures are obtained, — one of which refers 
to each side of the piston, — ^and the mean of these two is the mean 
pressure required. 

In noting down the breadths of diagrams it is convenient and 
accurate enough for all ordinary purposes, to use one decimal place as 
shown. 

Planimeter. — Where there are many diagrams to be calculated or 
compared with one another, it is quicker to use a planimeter in place 
of the method giyen above. The method is as follows : — Measure the 
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area of the figure bv means of the instrument, and divide it by the 
length AB, when the quotient will be the mean breadth in inches ; 
and this, multiplied by the ''scale" of the spring used (the number 
of pounds required to compress it one inch) mil give the mean 
pressure required. For purposes of comparison it is, of course, sufficient 
to note the areas of the figures. 

The Coffin averaginff instrument is a form of planimeter which has 
been specially designed for dealing with indicator diagrams. It leaves 
on the card two needle pricks, the distance between which is the mean 
breadth of the figure, — and thus performs mechanically the process of 
dividing area of figure by length. 

The following equivalent^ may be useful in calculations connected 
with the above : — 

{Pounds per sq. inch x '07 « Kilogrammes per sq. centimetre. 
Kilogrammes per sq. centimetre x 14*22— rounds per sq. inch. 

J Foot-pounds x 7 '233 » Kilogrammetres. 
\ Kilogrammetres X *1 38 » Foot-pounds. 

{Horse-power x 1 '0139 - Chevaux. 
Chevaux x '9863 - Horse-power. 

See also '* Table of Pounds per square inch and Kilogrammes per 
M^^uare centimetre." 
k> 

The Continental ''Cheval" is equal to 4500 kilogrammetres, or 
32,649 foot-pounds per minute, as against 33,000 foot-pounds per 
minute, — ^the value of the English " horse-power." 

The following Table will considerably facilitate the computation of 
indicated horse-power : — 
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TaUe IL-oConstftnt MnltipUers for I.H.P. 



Coiistaat= 


ana of cyBnaer , . „ « 
' 33,000 ;«dI.H.P. 




Diameter 




Diameter 




Diameter 




Diameter 




of 


Coiutenl 


of 


Constant 


of 


Constant. 


of 


Constant 


Cylinder. 




C^Uuder. 




Cylinder. 




CyUnder. 




6 


•00086 


1634 


•00048 


34 


•02761 


60 


•08669 


)4 


•00092 


% 


•00668 


34 


•02833 


61 


•08866 


34 


•00100 


17 


•00688 


86 


•02916 


62 


•09149 


% 


•00108 




•00708 


34 


•02999 


68 


•09447 


7 


•00118 


^ 


•00728 


SO 


•03084 


64 


•09748 


Va 


•00125 


% 


•00749 


34 


•03171 


66 


•10066 


% 


•00134 


18 


•00771 


87 


•03268 


66 


•10868 


% 


•00143 


s 


•00792 


34 


•08347 


67 


•10684 


8 


•00152 


•00814 


38 


•03437 


68 


•11006 


^ 


•00162 


% 


•00886 


34 


•08628 


69 


•11882 


% 


•00172 


19 


•00869 


89 


•03620 


70 


•11668 


% 


•00182 


34 


•00882 


34 


•03713 


71 


•11998 


9 


•00192 


% 


•00906 


40 


•08808 


72 


•12839 


^ 


•00203 


•00928 


34 


•03904 


78 


•12683 




•00214 


20* 


•00952 


41 


•04001 


74 


•13083 


% 


•00226 


34 


•01000 


34 


•04099 


76 


•18888 


10 


•00238 


21 


•01049 


42 


•04198 


76 


•18748 


34 


•00250 


34 


•01100 


34 


•04299 


77 


•14112 


34 


•00262 


22 


•01162 


43 


•04401 


78 


•14481 


% 


•00275 


34 


•01206 


34 


•04504 


79 


•14864 


11 


•00288 


23 


•01269 


44 


•04608 


80 


•16232 


34 


•00301 


34 


•01314 


34 


•04718 


81 


•16616 


34 


•00314 


24 


•01371 


45 


•04820 


82 


•16003 


% 


•00328 


34 


•01428 


34 


•04927 


83 


•16398 


12 


•00342 


25 


•01487 


46 


•06036 


84 


•16796 


34 


•00357 


34 


•01647 


34 


•06146 


86 


•17198 


34 


•00372 


26 


•01609 


47 


•05257 


86 


•17604 


% 


•00387 


34 


•01671 


34 


•05370 


87 


•18016 
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•00402 
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•01736 


48 


•05488 
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•18432 


34 


•00417 


34 


•01800 


34 


•05598 


89 


•18863 


34 


•00433 


28 


•01866 


49 


•05714 


90 


•19280 


'^ 


•00449 


34 


•01933 


34 


•05832 


91 


•19710 
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•00466 


29 


•02001 


50 


•05950 


92 


•20146 


34 


•00483 


34 


•02071 


51 


•06191 


98 


•20687 


34 


•00500 


30 


•02142 


52 


•06436 


94 


•21030 
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•00517 


34 


•02214 


63 


•06685 
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•21480 


15 


•00535 


31 


•02287 


54 


•06940 


96 
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34 


•00553 


34 


•0^362 


55 
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97 
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•00571 


32 


•02437 


56 


•07464 


98 
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•00590 


34 


•02518 
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•07783 


99 
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16 


•00609 


33 


•02692 


58 


•08006 


100 


•23799 
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59 


•08285 
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HORSE-POWIBRS. 



When the effective or resultant pressure on the piston at each point 
in the stroke is required, — as for instance, when it is desired to 
calculate the twisting moment on the crankshaft, — diagrams should 
he constructed from the indicator diagrams, as follows : — 

First, — draw line of no pressure, CD, at such a distance helow the 
atmospheric line, AB, that AG -^BD— 14*7 Ihs., to the same scale as 
the diagrams. Then, dealing with one stroke at a time, the curve 
EFO- represents the varying pressures on one side of the piston, 
whilst the opposing pressures are represented hy the cnrve JEB, 
which forms a part of the diagram from the other side of the piston. 




Fio. 2. 

Draw any ordinate FH, and set off HL=HF- HK ; then L is a 
point in the required resultant diagram in which any numher of other 
points may he found in a similar way ; and at the point H, in the 
stroke CD, the effective pressure is HL, When the quantity corre- 
sponding to HF - HE is minus, it must be set off below the line of no 
pressure. 

It is very important that the pipes leading from the ends of the 
cylinder to the indicator shall be large, short, of equal length, and as 
free from bends as possible ; as, otherwise, there will be loss of area 
in the diagram, and the apparent I.H.P. will be less than that really 
exerted in the cylinder. 

These pipes vary, in common practice, from {-inch to 1-inch 
diameter, according to their length and to the piston speed of the 
engine, but are still, beyond doubt, the cause of very perceptible loss 
of area in the diagrams. 



BOSSB-POWBnS. 9 

To malDB acoonte tests of engines, with a view to determining water 
^nsomptioii per I.H.P., &c., all indicator pipes should be removed, 
ind a separate indicator fitted direct to each end of each cylinder. 
rfais practice is becoming more general now, and shoold idways be 
dopted where anything uke accuracy is required. 

To ascertain the weight of steam nsed in any cylinder, take a 
K)int A in the expansion curre of the diagram (Fig. 8), just below the 




Fio. 8. 



point of cnt-off, and measure the absolute pressure at this point ; 
then take another point B in the compression curve, just above the 
point at which the exhaust closes, and measure the absolute pressure 
W also ; and from Table CX., page 838, ascertain the weight of a 
cubic foot of steam at each of the pressures AZ and BZ. 

l^ow calculate the volume, in cubic feet, swept by the piston while 
travelling through the distance X, and multiply it by the weight per 
cubic foot at pressure AZ ; also calculate the volume corresponding to 
Ac travel Y, and multiply it by the weight per cubic foot at pressure 
^Z; then subtract the second product from the first, and the 
i^mainder will be the number of pounds of steam accounted for by the 
^^agiun durinc tiie stroke. 

A similar calculation from the other diagram of the pair will give 
the amount of steam accounted for during the return stroke, and the 
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sum of the two—multiplied by the number of revolutions— will give 
the amount accounted for by the diagrams per minute or per hour. 
The clearances need not be considered in these calculations. 



EFFICIENCY OF ENGINES. 

The indicated horse-power, calculated from diagrams as above 
described, giv^ only a measure of the work done in the cylinder, and 
the amount delivered at the propeller is, of course, less than this by 
the amount expended in working the pumps and in overcoming the 
friction of the various parts of the mechanism. 

The mechanical efficiency of an engine is usually expressed by the 
decimal fraction whose value is, — 

Efficiency of engine -^g^' "' ^"^'' horse-power. 
Indicated horse-power. 

The expense and difficulty of making brake tests of large marine 
engines are so great that, up to the present, none have been made, and 
their efficiency can therefore only be estimated from a comparison o( 
the results of experiments made on small engines of various typesJ 
and on engines employed in driving dynamos, with regard to which 
(and more especially to the latter class) a large amount of accurate 
information has been recorded. 

The efficiency of tlie best class of small compound non-condensing 
engines varies from about '84 to about '92, and a fair average value is 
*88 ; and for compound condensing dynamo engines the average 
efficiency may be taken at '90 to *94 according to size, &c. 

But before any comparison can be made between engines of thesd 
classes and marine engines, it is necessary to subtract from the gross 
I.H.P. of the marine engine, the power absorbed in working the 
pumps — thus obtaining what may. be called the corrected I.H.P. 
Assuming then that the corrected I.H.P. is 95 per cent of the gross- 
in cases where air, circulating, feed, and bilge pumps are all drivei] 
from the main engines — and taking into consideration the various 
other circumstances tending to affect efficiency, there is ground fo^ 
believing that the efficiency of Tertical triple-expansion marine enginesJ 
of good modem design, is between '82 and '88, and that an averagj 
specimen delivers at the propeller fully 85 per cent, of the gross 
power developed in the cylinders. 

When the efficiency of any engine (not driving its own pumps) is 
tested at various powers, and the curves of indicated and brake horses 
power are laid down on the same diagram, the one curve ia seen to bd 
sensibly parallel to the other : that is to say — the power absorbed in 
overcoming the friction of the engine is practically a constant quantityJ 
and is therefore the smallest percentage of the gross I.H.P. when the 
latter is a maximum. 
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As there is considerable difficulty in ezperimeDtally determining 
the power absorbed in oTercoming tbe friction of an engine, the 
following graphic method (snggested by the late Dr Fronde) is of 
interest, and may sometimes prove nseful : — 
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Fia.A. 

A series of progressive trials having been carried oat, and the results 
carefaUy recorded— <»lculate the indicated thrusts (from the formula^ 

Indicated thrust- t5l^2i^»^where P is pitch of propeller in feet, 

and B revolutions per minute) for each speed, and set them up as 
ordinates from a base line on which the speeds are set off— as shown 
in £g. 4. Then, supposing A to be the lowest known point on the 
curve, draw the tangent KA ; divide BC at D so that BC — 1 *87 DC, 
and through D draw the vertical line DE, cutting tbe tangent in F ; 
and through F draw HG paralld to the base line. The height OH 
then represents the constant friction of the engine, and the point H is 
the vertex of the thrust curve which may now be completed. 

The lengths of the ordinates intercepted between HG and the 
thrust curve represent power expended in overcoming ship's net 



\ 
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resistance, augment of resistance due to propeller, and friction of 
propeller blades, and are proportional to the ship's true resistance. 



Efficiency as affected by Jacketing. 

The most recent investigations show that all types of steam engines 
are rendered more eflSicient by the addition of steam jackets, and that 
the more completely the hot surfaces of cylinders, receivers, &c., are 
jacketed, the greater is the saving effected. 

This amounts to saying, in other words, that for every pound of 
steam condensed in the jackets, some greater quantity is saved in the 
cylinders. The ratio of steam saved in the cylinders to steam 
expended in the jackets, varies from a little under 2 to 1 in some 
types of engine, to over 5 to 1 in other types. 

The gain tliat may be expected to result from jacketing an engine 
depends on such a multitude of considerations — relating not only to 
the design of the engine and of the boiler, but also to the management 
of the machinery under steam — ^that it can only be very generally 
stated as lying between 5 and 25 per cent, of the total feed-water 
evaporated ; but in the case of modem marine machinery, of good 
construction, it is not probable that the gain is over 10 per cent, ol 
the total feed-water evaporated. j 

The limit of usefulness of jacketing is reached when the exhaust is 
perfectlv free from particles of water in suspension. 

Small cylinders are more benefited by jacketing than largo ones, 
in consequence of the ratio of area of not surface to cubic contents 
being greater than in large ones. 

It is important that there should be a thorough circulation of steam 
in the jackets, but the plan of passing the steam through the jacket^ 
on its way to the H.P. cylinder should be avoided. 

The transmission of heat to the steam in the cylinder varied 
inversely as the thickness of the cylinder wall. 



THE RESISTANCE AND PROPULSION OF SHIPS. 

In dealing with cubes, or with parallelepipeds of similar forms] 
immersed in water until the uppermost face is just flush with the 
surface, it is found, on making the necessary calculations, that the 
wetted surface is exactly proportional to the §rd power (or the square 
of the cube root) of the displacement. Taking the case of cubes, — 

Let L=length of edge, 
D» displacement, . 
W = wetted surfac^ ; 
thenD-Ls, otL=\/D,_ 
and W-=5xL2-=6x(*C^D)a. 
That is, W varies as Dg. 
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It may also be noted that L'-(^D)',— that is, L' (which oorresponda 
to mia-ship section) also varies as D}J; and therefore W varies as L', or, 
in other words, wetted surface varies as area of mid-ship section. 

These results are not quite accurate for parallelepipeds which are not 
similar in form (that is, whose lengths, hreadtbs, and depths are not 
of the same relative proportions), but the inaccumcy is only slight 
within considerable limits ; so that, if ships of ordinary proportions 
are substituted for cubes or parallelepipeds, it is practically correct to 
say that wetted surface varies as area of mid-ship section, and also as 
$rd power of displacement. 

For similar vessels displacement is also a measure of the fineness of 
the lines, since, when length and mid-ship section are the same, it 
varies directly as the prismatic co-efficient of fineness. 

Now the resistances of ships depend almost entirely upon these two 
elements, — ^wetted surface, and form, or fineness of lines, and may be 
classed under the three heads, — 

(1) Resistance due to skin friction ; 

(2) Sesistance due to eddy making ; 

(3) Resistance due to wave making. 

The first of these depends on the extent and nature of the wetted 
surface, and the depth of immersion ; the third, on the lines of the 
ship, and on her degree of fineness ; and the second, on all of these 
combined. 

It is therefore evident, from the above considerations, that the old 
speed and power formulse rest on a sound basis, and are capable, in 
experienced hands, of giving fairly accurate results. These formulae 



Rules. I.H.P.-5S^' 

, » ^ T^ are* of immersed mid-ship section x S^ 
and I.H.P.= g 

vhere D, is displacement in tons ; S, speed in knots ; and C and E, 
coefficients. 

The peculiar value of these formulae lies in the fact that they can be 
applied at a very early stage of the work, before such data as angles of 
obliquity of str^m lines can be obtained with any degree of accuracy : 
and thus the power, approximate weight, and an outline drawing of 
the machinery can be got out simultaneously with the design of the 
yessel, — a great advantage where time is limited, as is usually the case 
'^ preparing tenders. 

It is important to notice, in connection with the above formulas 
that— although the resistance of a ship, moving imiformly at any 
speed, varies as the square of that speed,— the power required to over- 
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come the resistance, and propel it at any speed, varies as the cUbe ol 
that speed. For, — ! 

Let S— speed in feet per minute ; ! 

R— resistance in pounds at that speed ; 
Then R ■= S' x C, —where C is a co-efficient ; 
and, multiplying both sides by S 

RxS=S«xC. 

But R X S is the work done, in foot-pounds per minute, in overcomine 
the resistance R through the space S, and, divided by 38,000, is equal 
to the horse-power required to drive the ship. This law, of course, 
only holds for similar ships, driven at corresponding speeds (speeds 
proportional to the square roots of the linear dimensions) since it is | 
evident that the resistance due to wave making can only be propor- 
tional under these conditions. 

The second formula is useful as a check, or corrective to the first, 
where the vessels under consideration are not absolutely similar, but 
have same ratio of length to breadth and draught, with a variation in 
the rise of floor. 

The following Table (given by Mr W. H. White), shows the values 
of C for some typical ships of very different classes, at various speeds, 
and, whilst indicating generally the ran^e of the variations that 
occur, serves also to show the difficulties that the naval architect has 
to encounter in obtaining high speeds in vessels of small dimensions. 
(For method of usine curves of ^rdues of C, see page 23. ) 

The figures for norse-powers are "round." The "Medusa's" 
figures for 20 knots are those obtained from Stokes Bay trials, and 
strikingly illustrate the retarding effect of shallow water on the speed 
of a vessel ; the figui'es for the other ships at that speed are estimated 
for deep water. 

It is, perhaps, scarcely necessary to add that these co-efficients of 
performance represent the combined efficiency of ships and machinery, 
and that they are therefore just as liable to be affected by an un- 
suitable! propeller as by a foul bottom or unsuitable lines ; and also 
that for everv model there is, as a rule, only one speed of maximum 
efficiencv, though it is evident from the type of curve usually 
obtained, that there may be two speeds (one aoove and one below 
that of maximum efficiency) at which the efficiency is equal and 
slightly below the maximum. 
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Kirk's Aiuaysis. 

The following very simple and useful method of estimating the 
power required to drive a vessel at any given speed was devised hv th^ 
late Dr A. C. Kirk, and is generally known as " Kirk's analvsis ' : — 

A diagram, resembling fig. 6, of what is called the ** block model " 
is first made, — its dimensions bearing certain fixed relations to the 
dimensions of the vessel under consideration, — and the wetted surface 
of this "block model" (the whole surface minus Uiat of the upper 
face) is then, within a very small error, — stated below,— equal to that 
of the proposed vessel. (Rule 9.) The I.H.P. is then found by assum- 
ing that 5 I.H.P. will drive 100 feet of wetted surface at 10 knots, 
and that the power required varies as the cube of the speed. When 
the vessel is exceptionally well proportioned, the bottom quite clean, 
and the efficiency of the machinery nigh, as low a rate as 4 I.H.P. for 
100 feet of wetted surface may be assumed. 

The dimensions of the ** block model," fig. 5, are determined as 
follows : — 

Length AB-» length of ship (from forward side of stem to after side 
of stem-post, at mean trial draught). 





Fig. 5. 



Depth KL- depth of ship from mean trial draught to top of keel 
(if any). 

■a J 1 Tttr Area of immersed mid-ship section. 
Breadth EK- gj- ^ 



AH-GB- 



Displacement in tons x 35* 
Area of immersed mid-ship section. 



Length of AD = .^/ AGP + GD^. 

Then, the wetted surface of the " block model " is,— 

(EK X AH) + (2KL x FK) + (4KL x AD), 

* S5 cubic feet of salt water weigh one ton, and are therefore equal to one ton 
placement 

2 
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The angle of entrance is EBK ; EBH is half that angle ; and tan. 

EBH - ^ . or, the tangent of half the angle of entrance is equal to 
HB* 

Half breadth of model ^^^ ^^^ ^^^^ , ^^^^^ ^^ ^ ^^^^ ^f natural 

' Length of fore-body 

tangents, the angle of entrance may be obtained. 

The lengths of fore-body and angles of entrance for different types 
of vessel are as follows : — 



Table IV. Angles of Entrance, &c 



BeBcription of Vessel. 



Angle of 
Entraace. 



Batioof 
length of 
fore-body 

to total 

length of 

block. 



Ocean-going merchant steamers whose ) 
speed is from 14 knots upwards, . . ( 

Ocean-going steamers whose speed is ) 
from 12 to 14 knots, . . . . ( 

Cargo steamers whose speed is from 10 ) 
to 12 knots, ) 



IS^tolS** 
2rtol8'' 
30* to 22" 



•3 to -36 

•26 to -3 

•22 to ^26 



Example: — To find the I.H.P. necessary to ^rive a ship at 1^ 
knots, ti^e wetted skin of ** block-model " being 16,200 square feet. 



•875 



lots, the wetted skm ot ** block-model ' being 16,200 
The I.H.P, per 100 square feet -= (—)'* x 6 - 16-J 

and I.H.P. required - 16'875 x 162 - 2744. 

In ordinary practice the wetted surface of the "block model "ia 
found to exceed that of the actual ship by 2 per cent, (in the case 
of full ships), by 3 to 5 per cent, for ordinary steamers, and a^ 
ifiVLch as 8 per cent in the case of very fine steamers ; but the erroi 
^ in the right direction, and for all ordinary purposes it is sufficient 
to take the surface of the *' block model." i 

The following Table gives, on inspection, the horse-powers requirM 
per 100 feet of wetted surface at yarious speeds and rates, ana wu 
id^ilitate calculations by the abore method : — 1 
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Table v.— I. H.P. per zoo feet of wetted turiaoe at 
different speeds. 



Speeds 

in 
Knots. 


LH.P. per 100 sq. feet of wetted Burfaee at 10 knots* j 


40 41 


4-S 


4-3 


4-4 


4-5 


4-6 


4-7 


4-8 


4-9 


6-0 


51 


5-S 


9 


292 2V9 


3-06 


3-14 


8-31 


8-28 


8-8^ 


3-42 


8-49 


8-67 


3-64 


8-71 


8-78 


9-& 


3-43 


8-61 


3-60 


3-68 


877 


8-86 


8-94 


4-02 


411 


419 


4-28 


4-86 


4-46 


lO 


400 


4-10 


4-20 


4-80 


4-40 


4-50 


4-60 


4-70 


4-80 


4-90 


500 


5-10 


6-20 


10-5 


4-63 


4-76 


4-86 


4-98 


5-09 


5-21 


6-82 


5-44 


5-66 


5-79 


5-79 


5-90 


6-02 


11 


5-32 


6-46 


6*59 


5-72 


6-86 


5-99 


6-12 


6-25 


6-89 


6-62 


6-66 


6-79 


6-92 


11-5 


608 


6'23 


6-39 


6-54 


6-69 


6-84 


6-99 


716 


7-30 


7-46 


7-60 


7-76 


791 


la 


6-91 


708 


7-26 


7-43 


7-60 


7-78 


7-96 


812 


8-29 


8-47 


8-64 


8'81 


8-99 


12-5 


7-81 


801 


8-20 


8-40 


8-59 


8-79 


8-98 


9-18 


9-87 


9-67 


9-76 


9-96 


1015 


13 


8-79 


901 


9-23 


9-45 


9-67 


9-89 


1010 


10-32 


10-54 


10-76 


10-98 


11-20 


11-42 


13-6 


9-84:i009 


10-38 


10-58;i0-82 


11-07 


11-82 


11-66 


11-81 


1206 


12-80 


12-65 


12-79 


14 


10-98;ll-25 


11-62 


11-8012-07 


12-85 


12-62 


12-90 


1317 


18-4413-72 


18-99 


14-27 


14.5 


1219; 12-50 


12-80 


13-11 


13-41 


13-72 


14-02114-33 


14-68 


14-94 


16-24 


15-65 


16-85 


15 


13-60 13-84 


14-17 


14-51 


14-86 


1618 


16-5215-86 


16-19 


16-68 


16'87 


17 21 


17-54 


15-5 


14-89 16-27 


15-64 


16-01 


16-38 16-76 


17-13il7-60 


17-87 


18-25 


18-62 


18-99 


19-86 


16 


16-38116-79 


17-20 


17-61 


18-02 18-43 


18-8419-26 


19.66 


20-07 


20-48 


20-89 


21-80 


16-5 


17-97ll8-42 


18-87 


19-31 


19-7620-21 


20-66 21-11 


21-56 


22 01 


22-46 


22-91 


23-86 


17 


19-65 


2014 


20-63:21 •12,21-62 22-11122-6028-09 


28-68 


24-07 


24-56 


26-06 


25-55 


17-5 


21-44 


21-97 


22-61 


23-04:28-68 24 12 24-66,26- 19 


26-72 


26-26 


26-80 


27-33 


27-87 


18 


23-33 


23-91 


24-49 


25-08 25-66 26-24,26-83 27 41 


27-99 


28-58 


29 16 


29-74 


80-83 


18-5 


26-33 


25-96;26-59 


27-22 27-86 2849 2912 2976 


30-39 


81-02 


31-66 


82-29 


82-92 


19 


27:44 


2812 28-81 


29-49 3018 30-86!81-65|32-24 


82-92 


83-61 


84-29 


34-98 


35-67 


19-5 


29-66 


30-40;3114 


31-88 32-62 33-37 34 11 34-85 


^-59 86-33 


37-07 


87-81 


3S.« 



Rankine's Rules. 

The following rales relating to the propulsion of vessels were given 
by tlie late Professor Bankine ; but it must be understood that they 
are only applicable to ships whose lines are of the " wave line " type : — 
Rule I. — In order that the resistance may not increase faster than 
the square of the speed (S^) the length of the after-body in feet must 
not he less than S^ x -375. 

To fulfil the same condition, the length of the fore-body must not be 
less than that of the after-body, as given above, and may with 
advantage be 1^ times as long. 

Rule II. — ^The greatest speed in knots suited to a given length of 
after-body (Q is VH 

Rule III. — When the speed does not exceed the limit given by 
Kale II., the probable resistance in poimds (R) will be, — 
E - G X L X (1 + 4M) X S2 X C. 
Where G — mean immersed girth in feet ; 
L "• length on water line in feet ; 
%r ^ J mean square of sines of ancles of obliquity of 

t stream-fines + mean of fourth powers of sines ; 
S - Speed in knots ; 

( *01 for clean painted iron vessels ; 
C — -I '009 to '008 for clean coppered vessels ; 

(^ -Oil andnpwards for moderately rough iron-vessel' 
Tlie product G x L x (1 + 4M) is called the '' Augmented surface 
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Rule Ilia. — An approximate value of R, in well-designed 
steamers with clean painted bottoms, is given by, — 

R-S^x D X K 
Where D — the displacement in tons ; 

K « *8 to 1 '5 for different types of steamers. 
Rule IV. — The net, or effective horse-power (E.H.P.) expended in 
propelling the vessel is, — •' 

RxS 



E.H.P. -- 
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Rule IVa. — The gross, or indicated horse-power (I.H.P«) will be 
the E.H.P., as found by Rule IV., divided by the combined efficiency 
of engine and propeller, which is ordinarily between *6 and "625, ana 
averages say '613 ; therefore, — 

Note, — To obtain the mean immersed girth, proceed as follows : — 

(a) Divide length on water line into an even number of intervals, and 
number the dividing points (the number of which will be one more 
than the number of spaces) 1, 2, 8, 4 &c. 

{h) Measure the lengths of the half-girths at each point. 

(c) Add together the two end-most lengths ; four times the inter- 
mediate even-numbered lengths ; and twice the intermediate odd- 
iiumbered lengths ; and divide the sum by 3, and again by half the 
number of intervals,— and the result will be the mean immersed girth 
required. 

In determining the "co-efficient of augmentation" (1 + 4M), the 
lines giving the half angles of entrance at the different water lines 
must be tangents to the curves at the points of contrary flexure. 

Mr Mansers Formulas. 

Mr Robert Mansel of Glasgow, who has devoted much time to the 
investigation of the relation of power to speed in steam-ships, — in 
drawing attention to the generally admitted imperfections of the 

formula LH.P.=» ^ ^ ^^ ,or I.H.P. -5j- S x S^ as he sometimes 

writes it, — emphasizes the fact that the so-called constant is rarely or 
never constant for two different speeds (but decreases in value as the 
speed increases), and suggests the following modified form of the 
expression : — 

I.H.P. =?pS X 10**^ 
orI.H.P.-?pSx 10*®. 
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Where, instead of using the square of the speed, he uses the number 
whose logarithm is the s^ed multiplied by a small co-efficient a, — the 
value of which usually ues between '06 and '18. It should be men- 
tioned, however, that in trying the same vessel through any great 
range of speeds, the value of a is not always the same throughout. 

Speed and Power Cnnet, etc 

The most reliable method of determining the I.H.P. required to drive 
any proposed vessel at a given speed is to base the calculations upon 
the results obtained from the trials of " similar*' vessels ; the basis of 
which is the £M:t that * 'similar" vesselsi, driven at ''corresponding " 
speeds have the same co-efficient of performance, when the efficiency 
of the machinery is the same. 

"Similar" vessels are those having the same ratio of length to 
breadth, and to dnuu^ht, and the same degree of fineness ; and 
" corresponding " speecu are those which are proportional to the square 
roots of the linear dimensions of the respective vessels (e.g. propor- 
tional to the square roots of the lengths). 

Fronde found that the resistances of such vessels varied almost 
exactly as wetted surface x (speed)'. 

But to render the results of former trials readilv accessible for such 
a purpose it is very desirable to have them plotted down as a series of 
curves, eomewhat in the following manner : — 




Speed in knots. B X C D N 

FIO. 6. 



22 RBSISTANCB AND PROPULSION OP SHIPS. 

Let Pi, Pa, Pg be the indicated horse-powers developed in obtaining 
the speeds Sp S^, S, knots, with Rj, R^, R. revolutions per minnte. 

Take a line AN (Fig 6.) as a base line, and on it take points 
B, C, D, so that A6, AG, AD, are proportional to S^, S2, S3 ; at the 
points B, C, D erect ordinates B6, Cc, Drf proportional to Pi, Pg, Pj, 
and through the points &, c, and d draw the curve d eh a, which is 
called the "curve of power" or "curve of I.H.P." The nature 
of this curve is then such that if an ordinate he drawn through 
any other point X in the line AN, Xa; will represent the power 
necessary to obtain the speed AX from the same vessel, or another 
vessel of the same form and dimensions. 

If the curve be accurately drawn, it will be found that it does not 
pass through A, but at a distance Ka above that point, thus signifying 
that a certain amount of power is developed even at zero speed ; Aa 
thus represents the power required to overcome the constant friction 
of the engines. (See also page 11, under " Efficiency of Engines. '*) 

Similany a curve of rev5utions may be constructed by taking 
points rji rj, rg in the ordinates so that Br, O, Dr, are proportional to 

Ri> ^2, ^3* 

The slip mav also be shown by a curve whose ordinates are propor- 
tional to the slips at the speeds S^, Sj, Sg. 

Examination of the curves will show : — 

(1) The I.H.P., revolutions, and slip corresponding to any speed 

intermediate to those observed ; 

(2) The constant friction, and therefore general efficiency of the 

engines ; 

(3) The suitability of the lines of the ship for the speeds, — ^a 

sudden rise of the curve towards the higher part, showing 
■an undue increase of resistance at the higher speeds ; 

(4) The power of the speed with which the I.H.P. increases for 

the particular type of ship ; . ' 

5. The suitability of the propeller to the ship, — any sudden rise! 
in the slip curve showiDg that the propeller is defective, 1 
either as regards diameter or surface, or both. 1 

Perhaps the most useful curve, however, for the purpose of deter^J 
mining the power requires to propel some " similar " ship, of differenfl 
size, at any given speed, is one constructed as shown in fig. 7, when 
the abscissae represent speeds in knots, and the ordinates numerica 
co-efficients of performance, derived, either from the Admiralty formula 

(D3 X S^ \ 
I. H.P. = — ^ — ) or other similar expression. 

Rule zo. — Suppose fig. 7 to represent the curve given by a v< 
250 feet long, and 2400 tons displacement, and that it is required 
determine the power necessary to drive a "similar" vessel of 860 feej 
long, and 7200 tons displacement, at say 13 knots. The question the^ 
is, — ^what co-efficient of performance must be assumed? — and it " 
answered as follows :~ 



DBTEBMINATION BT XODBL SXPKRIMSNTS. 



i2TO 




V380 : V250 



V250xl3 /"corresponding" speed of 

*^ "" V380 -^^ S- i first, or tyjS sliiV. 

and mnning np the Ordinate for 10*8 knots until it cuts the curve, and 
then along the abscissa from this point of intersection the figure 253 is 
found, and this, when used in connection with the formula, gives 
3250 as the required I.H.P. 

In cases where there are no records of exactly '* similar" ships, the 
value of the estimate made will of course? depend very largely on 
the experience of the estimator. *' 

Determination by Model Experiments. 

Another method, employed by the Admiralty, and by a few of our 
leading firms of shipbuilders, for determining the power required 
to propel any new type of vessel is, to ascertain the resistance of a 
model of the new vessel in the experimental tank, and to calculate the 
power from the results obtained ; and, where widely divergent types 
nave to be dealt with, the method is no doubt of great value, but the 
expense is necessarily great 

The models are usually made of parafi^e, and are from 12 feet to 
20 feet long, and from %-inch to 1^-inch thick ; they are cast nearly to 
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' shape, and then trimmed to the exact fonn on a special shaping machine, 
the speeds and polls on the tow-rope are automatically recorded on 
paper drams driven by clock-work. The height and position of the 
waves created, — ^which are of special importance in the case-of paddle 
vessels, ^-can also be noted and recorded. 

The horse-power required is calculated from the resistance of the 
model, by the same principle of ''corresponding" speeds referred to 
above, as follows : — 

Let I and L-^ lengths of model and vessel, respectively ; 
V and y» corresponding speeds ; 
r and R= corresponding resistances ; 

^- /^ 

. V i 



Then- 

V 



and 



?-(t)" 



Example. — Suppose the E.H.P. (effective horse-power» or gross 
horse-power less that required to overcome friction of engines and 
propeller) necessary to drive a ship of 300 feet long at 15 knots is 
required. Let the length of the model be 12 feet, then the ** corre- 
sponding" speed for it will be given by, — 



*-^5 \/m- 



8 knots. 



Assume the resistance of the model at this speed to be 4 lbs., then 
resistance of ship, at 15 knots will be, — 

R-4x^^Y=62,600lbs.; 

^^ 62,500 X 15 x6080^^3y 

60x33,000 ' 

or E.H.P. required is approximately 2879, — a slight correction having 
to be made for skin friction. 

Co-e£ficient8 of Fineness. 

The block co-efficient expresses the ratio borne by the displacement 
volume to that of the parallelepiped circumscribing the immersed 
body* 

Let V— displacement in cubic feet ; 
L« length on water line ; 
B— greatest immersed breadth ; 
D— araught of water ; 
E— displacement co-efficient. 



8UBFA0B FBIOnON. 



25 



The prismatie oo-effident,— which gives a traer measure of fineness 
of lines than the aboye, — expresses the ratio borne by the displacement 
Folume to that of the prism swept by moving the immersed mid-ship 
section through the length at load water-line. 

Sorface Friction. 

The following Table gives a general statement of the results of 
Fronde's experiments on this subject ; they were made on boards 
'Xe-inch thick and 19-inch deep, which were coated with the sub- 
stances to be experimented on, and towed edgeways through the 
water. The resistances are given in lbs. per square foot at the 
standard speed of 600 feet per minute, and, as the power of the speed 
to which the friction is proportional is also given, the resistance at 
other speeds is easily calculated.* 

Columns A give the power of the speed to which the resistance is 
approximately proportional ; columns B ffive the mean resistance per 
square foot of tne whole surface of a board of the lengths stated in the 
table ; columns G give the resistance of a square foot of surface at the 
distance stemward from the cutwater stated in the heading. 



Table VI.— Resistances of Surfaces. 



Nature 


Length of surface, or distance from cutwater, In feet 










of 


2 Feet 


8 Feet 


aOFeet 


60 Feet. 


SoTfaoe. 










A 


B 


C 


A 


B 


c 


A 


B 


C 


A 


B j C 


Varnish, . 


2-00 


•41 


•390 


1-85 


•325 


•264 


1^85 


•278 


•240 r83 


•260 ^226 


Paraffine, . 


1-95 


•38 


•370 


1-94 


•814 


•260 


1-93 


•271 


•287 




1 ... 


Tinfoil, . 


216 


•30 


•295 


1-99 


•278 


•263 


1^90 


•262 


•244 


1-83 


•246 •232 


CaUco,. . 


1-93 


•87 


•725 


1-92 


•626 


•504 


1*89 


•531 


•447 


1-87 


•474 ^423 


Fine sand. 


200 


•81 


•690 


2-00 


•583 


•460 


2-00 


•480 


•384 


2^06 


•405 ^337 


Medium ,, 


2-00 


•90 


•730 


2-00 


•625 


•488 


2-00 


•634 


•465 


2-00 


•488 ^456 


Co««, „ 


2-00 


110 


•880 


2-00 


•714 


•520 


2 00 


•588 


•490 







True Mean Speed. 

To determine the true mean speed of a vessel when the runs are 
taken on the measured mile, half with the tide, and half against : — 

* NOTB.— See Rule 11, page 26. 
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Rnle : — Find the means of consecutive speeds continually found 
until only one remains. 

Example. 



Buns. 



r- 



tbsenred 
Speeds. 



Ist Means. 



2iid Means, ,3rd Means. 



4th Means. 



Mean of 
Means. 




15-62600 



15-478125 
16-43125'' Traemean 



6)94-2 



15-70 

Ordinary mean 

speed. 



4 )61-925 
16-48125 
Ordinary mean of 
second means. 



The ordinary mean of second means is generally taken, — as unavoid- 
able errors of obseryation render the third and following decimal 
places of very doubtful value. 

Relation of Speeds and Powers. 

Given two speeds of a vessel, and the corresponding horse-powers, 
to find what power of the speed the horse-power varies as : — 

Let 8 and S»the two speeds. 
,, p and P-the corresponding powers. 
,, a;«power of s and S that j? and P vary as 

Then ^ - P 

»» P 

or X (Log S - Log s) = Log P - Log|> 

Rule II. Ani x=^«4^]^-P. 

Log S - Log 8 



Table of Times and Speeds. 

Given the time, in minutes and seconds, occupied by the vessel ii 
running the measured mile, the following Table gives, on inspectiou 
the speed in knots :— 
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Should the speed be reanired in kilometres, — ^multiply the speed in 
knots, from the above Table, by 1*853. 

See also Tables of knots, miles, kilometres, &c., pp. 340 to 342. 

The following Table of the % powers of nmnbera will be of service 
in all calculations for which displacement is taken as a basis. 

Table VIII.— Two-thirds powers of numbers. 



Number. 


3rd 


Number. 


3rd 


Number. 


Jrd 


Number 


srd 




power. 




power. 




power. 




power. 


100 


21-54 


480 


. 61-30 


860 


90-43 


1240 


115-42 


110 


22-96 


490 


62-15 


870 


91-13 


50 


116-04 


120 


24-33 


500 


62-99 


880 


91-83 


60 


116-66 


130 


25-66 


510 


63-83 


890 


92-52 


70 


117-27 


140 


26-96 


520 


64-66 


900 


93-22 


80 


117-89 


150 


28-23 


630 


65-49 


910 


93-91 


90 


118-50 


160 


29-47 


540 


66-31 


920 


94-59 


1300 


119-11 


170 


30-69 


550 


67-13 


930 


95-28 


10 


119-72 


180 


31-88 


560 


67-94 


940 


95-96 


20 


120-33 


190 


33-05 


570 


68-74 


950 


96-64 


30 


120-94 


200 


34-21 


580 


69-54 


960 


97-32 


40 


121-55 


210 


35-33 


590 


70-34 


970 


97-99 


60 


122-15 


220 


36-44 


600 


71-13 


980 


98-66 


60 


122-75 


230 


37-54 


610 


71-92 


990 


99-33 


70 


123-35 


240 


38-62 


620 


72-71 


1000 


100-00 


80 


123-95 


250 


39-68 


630 


73-49 


10 


100-66 


90 


124-55 


260 


40-74 


640 


74-26 


20 


101-33 


1400 


125-14 


270 


41-78 


650 


75 03 


30 


101-99 


10 


125-74 


280 


42-80 


660 


75-80 


40 


102-65 


20 


126-33 


290 


43-81 


670 


76-57 


50 


103-30 


30 


126-92 


300 


44-81 


680 


77-33 


60 


103-96 


40 


127-51 


310 


45-80 


690 


78-08 


70 


104-61 


60 


128-10 


320 


46-78 


700 


78-84 


80 


105-26 


60 


128-69 


330 


47-75 


710 


79-59 


90 


105-91 


70 


129-28 


340 


48-71 


720 


80-33 


1100 


106-56 


80 


129-87 


350 


49-66 


730 


81-07 


10 


107-20 


90 


130-45 


360 


50-61 


740 


81-81 


20 


107-85 


1500 


131-03 


370 


61-54 


750 


82-55 


30 


108-49 


10 


131 -61 


380 


52-46 


760 


83-28 


40 


109-1.3 


20 


132-19 


390 


53-38 


770 


84-01 


50 


109-76 


30 


132-771 


400 


54-29 


780 


84-73 


60 


110-40 


40 


133-35 


410 


55-19 


790 


85-46 


70 


111-03 


60 


133-93 


420 


56-08 


800 


86-18 


80 


111-^7 


60 


184-50 


480 


56-97 


810 


86-89 


90 


112-30 


70 


135 08 


440 


67-85 


820 


87-61 


1200 


112-92 


80 


135-65 


450 


58-72 


830 


88-32 


10 


113-55 


90 


136-28, 


460 


69-59 


840 


89-03 


20 


114-17 


1600 


136-80 


470 


60-46 


850 


89-73 


30 


114-80 


10 


137-37 
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Table VIIL- 




^amber. 


|rd 


N^mnber. 


IM 


dumber. 


ird 


Number. 


ird 




iwwer. 




power. 




power. 




power. 


1620 


137-93 


2080 


162-94 


2920 


204-28 


3760 


241-80 


30 


138-50 


2100 


163-99 


40 


205-22 


80 


242-65 


40 


139-06 


20 


166-02 


60 


206-16 


3800 


243-51 


50 


139-63 


40 


166-06 


80 


207-08 


20 


244-36" 


60 


140-19 


60 


167-09 


3000 


208-01 


40 


245-22 


70 


140-75 


80 


168-12 


20 


208-93 


60 


246-07 


80 


141-32 


220Q 


169-15 


40 


209-85 


80 


246-91 


90 


141-88 


20 


170-17 


60 


210-76 


3900 


247-76 


1700 


142-44 


40 


171-19 


80 


211-68 


20 


248-61 


10 


143-00 


60 


172-20 


3100 


212-59 


40 


249-45 


20 


148-56 


80 


173-22 


20 


213-51 


60 


260-29 


30 


144-11 


2300 


174-24 


40 


214-42 


80 


251-14 


40 


144-66 


20 


175-24 


60 


216-33 


4000 


261-98 


50 


145-22 


40 


176-26 


80 


216-24 


20 


252-82 


60 


145-77 


60 


177-25 


8200 


217 16 


40 


253-65 


70 


146-32 


80 


178-26 


20 


218-05 


60 


254-49 


80 


146-87 


2400 


179-26 


40 


218-95 


80 


265-33 


90 


147-42 


20 


180-25 


60 


219-85 


4100 


266 16 


180O 


147-97 


40 


181-24 


80 


220-75 


20 


267-00 


10 


148-52 


60 


182-23 


3300 


221-65 


40 


267-83 


20 


149-06 


80 


183-22 


20 


222-54 


60 


268-67 


30 


149-61 


2500 


184-20 


40 


223-44 


80 


269-49 


40 


150-15 


20 


185-18 


60 


224-34 


4200 


260-31 


50 


150-70 


40 


186-16 


80 


225-22 


20 


261-14 


60 


151-24 


60 


187-14 


3400 


226-11 


40 


261-96 


70 


151-78 


80 


188-11 


20 


226-99 


60 


262-78 


80 


152-32 


2600 


189-08 


40 


227-88 


80 


263-60 


90 


152-86 


20 


190-05 


60 


228-76 


4300 


264-42 


1900 


153-40 


40 


191-02 


80 


229-64 


20 


265-24 


10 


153-94 


60 


191-98 


3600 


230-52 


40 


266-06 


20 


154-47 


80 


192-93 


20 


231-40 


60 


266-87 


30 


155-01 


2700 


193-89 


40 


232-27 


80 


267-69 


40 


155-54 


20 


194-85 


60 


233-14 


4400 


268-51 


50 


156-08 


40 


195-80 


80 


234-02 


20 


269-32 


60 


156-61 


60 


196-75 


3600 


234-89 


40 


270-13. 


70 


157-14 


80 


197-71 


20 


235-76 


60 


270-95 


80 


157-68 


2800 


198-66 


40 


236-62 


80 


271-76 


90 


158-21 


20 


199-60 


60 


237-49 


4600 


272-66 


2000 


158-74 


40 


200-54 


80 


238-36 


20 


273-37 


20 


159-79 


60 


201-48 


3700 


239-22 


40 


274-17 


40 


160-84 


80 


202-42 


20 


240-08 


60 


274-98 


60 


161-89 


2900 


203-85 


40 


240-94 


80 


275-78 
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Table VIII. 


—Two-thirds powers of nvanbtrs—eoTUimted. 


Number. 


§rd 


Number. 


§rd 


Number. 


8rd 


Number 


§rd 




power. 




power. 




power. 




power. 


4600 


276-58 


6150 


835-67 


8300 


409-93 


10,900 


491 -61 


20 


277-39 


6200 


337-49 


50 


411-67 


11,000 


494-61 


40 


278-19 


50 


339-30 


8400 


413-22 


100 


497-60 


60 


278-99 


6300 


341-11 


50 


414-85 


200 


500-58 


80 


279-78 


50 


342-91 


8500 


416-49 


300 


503-56 


4700 


280-58 


6400 


344-71 


50 


418-12 


400 


506-53 


20 


281-38 


50 


846-50 


8600 


419-75 


500 


509-48 


40 


282-17 


6600 


348-29 


50 


421-37 


600 


512-43 


60, 


282-96 


50 


350-07 


8700 


423-00 


700 


515-38 


80 


283-76 


6600 


351-85 


60 


424-62 


800 


518-31 


4800 


284-55 


60 


353-62 


8800 


426-24 


900 


521 -23 


20 


285-33 


6700 


355-39 


60 


427-86 


12,000 


524-15 


40 


286-11 


50 


357-16 


8900 


429-46 


100 


527-05 


60 


286-90 


6800 


358-93 


50 


431-06 


200 


529-95 


80 


287-68 


50 


360-68 


9000 


432-67 


300 


532-83 


4900 


288-47 


6900 


362-43 


60 


434-27 


400 


535-72 


20 


289-26 


50 


364-18 


9100 


436-86 


500 


538-60 


40 


290-05 


7000 


365-93 


60 


437-45 


600 


641 -48 


60 


290-84 


50 


367-67 


9200 


439-04 


700 


544-34 


80 


291-62 


7100 


369-41 


60 


440-64 


800 


547-20 


6000 


292-40 


50 


371-13 


9300 


442-23 


900 


650 04 


60 


294-34 


7200 


372-86 


50 


443-82 


13,000 


652-88 


5100 


296-27 


60 


374-58 


9400 


445-40 


100 


555-70 


50 


298-21 


7300 


376-31 


60 


446-97 


200 


558-53 


6200 


300-15 


50 


378-02 


9500 


448-64 


300 


561-35 


60 


302-06 


7400 


379-74 


60 


450-11 


400 


664-16 


6300 


303-98 


50 


381-44 


9600 


451-68 


500 


666-96 


60 


305-89 


7500 


383-15 


50 


453-26 


600 


669-76 


5400 


307-80 


50 


384-85 


9700 


454-82 


700 


672-54 


50 


309-68 


7600 


386-56 


60 


456-39 


800 


575-33 


5500 


311-58 


50 


388-24 


9800 


457-95 


'900 


578 10 


50 


313-46 


7700 


389-93 


50 


459-50 


14,000 


580-88 


5600 


315-34 


50 


391-62 


9900 


461-06 


100 


583-63 


50 


317-21 


7800 


393-80 


50 


462-61 


200 


586-38 


5700 


319-09 


50 


394-98 


10,000 


464-16 


300 


589- 13 


50 


320-95 


7900 


396-66 


100 


467-25 


400 


691 -88 


5800 


322-81 


50 


398-33 


200 


470-33 


500 


694-61 


50 


324-66 


8000 


400-00 


300 


473-39 


600 


597-34 


5900 


326-51 


50 


401-66 


400 


476-44 


700 


600-07 


60 


328-35 


8100 


403-32 


600 


479-49 


800 


602-80 


6000 


330-19 


50 


404-97 


600 


482-54 


900 


606-51 


60 


332-02 


8200 


406-63 


700 


485-57 


15,000 


608-22 


6100 


388-85 


50 


408-28 


800 


488-60 







TRIPLK VERSUS COMPOUND BNGINBS. 



33 



TRIPLE yERSUS COMPOUND ENGINES. 

The great economy resulting from the nse of high-pressure steam is 
dae to the fact that the increased pressure is obtained by the eznendi- 
tnre of an amount of fuel quite insignificaot compared witn the 
additional amount of energy it renders available. The following 
tabular statement will make this clear at a glance :~ 

I 

Table IX.— Pretsnres and efficiencies. 



It 



30 

75 

126 

175 



45 

90 

140 

190 



If 



8 



100* F. 
100° F. 
lOO^'F. 
100" F. 



|15 

II 



274° F 
320° F. 
363° F 
377° F 






1098 
1112 
1122 
1129 



11 



I 



! 



9*26 
4-81 
8-17 
2-38 



126 256 
174,472 
206,994 
231,200 



8*696 
6-873 
5-420 
4*833 



lit 



26-7 

14-9 

9-9 



Nbie. — ^The release pressure is taken to be 10 lbs. per square inch, 
absolute, in each case, and a back pressure of 4 lbs. per square inch, 
absolute, is assumed. 



That is to say, — an engine using steam of 125 lbs. pressure should, 
other things being equal, consume nearly 15 per cent, less fuel than 
one using steam of 75 lbs. pressure ; and one using steam of 175 lbs. 
pressure should effect a further saving of nearly 10 per cent., — so that, 
by using 176 lbs. steam in place of 75 lbs., a saving of over 23 per 
cent should be effected. 

In practice, however, it is found that a compound engine, using 
steam of 140 lbs. pressure, shows very little economy over a similar 
engine using 90 lbs. steam; whilst a triple engine using 140 lbs. 
steam, shows even a greater economy than is theoretically due to the 
increased pressure, — owing, no doubt, chiefly to the diminished range 
of temperature in each cylinder. 

The actual amount of fuel saved by using a modem triple engine, 
working at 160 lbs. pressure, in place of a compound engine using, say 
"5 lbs. steam is nearly 25 per cent. 

The following Table shows the comparative performances of some 
Compound and Tr\ple engines, and connrms the above statetnenta : — 

3 
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Table X.— Comparison of Triple and Compound Ensues. 



Name. 


Cylinders and 
Stroke. 


Work- 
ing 

press- 
ure. 


04 

H 

M 


temper- 
ature 
in cyls. 


Consumpt. 

water per 
LH.P.from 

diagrams. 


fa^ saved. 


"Northern," 


26" and 66" 
60" 


115 lbs. 


^^'*^iL.P.100° 


15-4 lbs. 


" Draco " over 
" Northern," 
8-4 per cent. 


"Kovno," 


25" and 50" 
45" 


90 lbs. 


809 


H.P.93° 
L.P.100° 


16-6 lbs. 


"Draco "over 
"Kovno," 
16 per cent 


" Draco," 


21", 82", and 56" 
86" 


110 lbs. 


618 


H.P. 64° 
M.P. 68° 
L.P. 66° 


141 lbs. 


"Finland "over 

"Draco," 

8*6 per cent. 


" Finland," 


20", 82", and 56" 


150 lbs. 


806 


H.P. 70° 
M.P. 70° 
L.P. 88° 


12-881bs, 


" Finland " over 

" Northern," 

16 per cent 

"Finland "over! 

"Kovno," 

22-4 per cent 


86" 


" Bolama," 


24" and 45" 
88" 


80 lbs. 


561 


H.P. 91° 
L.P. 92° 


16-8 lbs. 


" Dynamo " over 

"Bolama," 

22-6 per cent. 


"Dynamo," 


17", 27", and 48" 


150 lbs. 


688 


H.P. 78° 

M.P. 70° 180 lbs. 


"Bolama," 
28*8 per cent 


27" 


L.P. 80° 





When the average magnitudes of the strains set up in the two 
types of engine are compared, the result is again greatly in favour of 
the triple. j 

Suppose a three-prank triple engine and an ordinary compound* 
having same size of L.P. cylinder, same length of stroke, and develop^ 
ing the Same power, — the one using steam at 150 lbs., and the other 
at 75 lbs. ; also let the equivalent mean pressure be 24 lbs. in each 
case, and let the efficiency of the expansion be the same in the t' 
cases. Then, furtl^er, let the L.P. area be represented in each case 
the number 14 ; the H.P. area of triple by 2, and the H.P. area 
compound by 4, and the M.P. area of triple by 5. Then, if t" 
equivalent, or referred, mean pressure is equally divided between t^ 
cylinders in each case, the relative work done will be as follows : — 



Triple engine. 

H.P. cylinder, 2 x 56 or 112. 
M.P. „ 5x22-4 or 112. 
L.P. „ 14x8 or 112. 



Compound engine. 

H.P. cylinder 4 x 42 or 168. 
L.P. „ 14 X 12 or 168. 
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That is,— the ayeram strain on the rods, oolonms, guides, &c., is 
SO per cent more with the compoand than with the triple engine. 
The triple engine is also better balanced than the oompoond, works 
^th less yibration, nves a more eimable taming moment, and con- 
seaaently a higher efficiency of propeller. 

It is not snrprising, therefore, that the triple compares so favourably 
with the compound as regards wear and tear. 



RATIOS OF CYLINDERS. 

Two-«tage or Compound engines.— Engines of this type are, for 
various reasons, still commonly fitted in paddle vessels, ana in small 
screv steamers ; they are also used for many auxiliary purposes on 
board ship, such as, for driving independent air and circulating 
pumps, centrifugal drculating pumps, feed pumps, dynamos, &c. 

When fitted in Paddle ve^els, the boiler pressure is usually from 
'0 to 100 lbs. for oscillatinff engines, and from 90 to 120 lbs. for other 
types, — the latter pressure having been used in many recent first-class 
vessels with dia^nal engines. 

With these boiler pressures, and a cut-off of say '75 in the H.P. 
cylinder, the ratios of cylinders should be,— to give the same degree of 
^Qomy as is usual in mercantile screw engines, — ^from about 1 : 5*25 
for 90 lbs., up to about 1 : 675 for 120 lbs. 

But oonsiderations of weight and bulk put these ratios out of the 
(IQestion, and experience has shown that a ratio of about 1 : 3*25, re- 
gardless of boiler pressure, makes the Ijest compromise. The extra 
({uantity of coal to be carried is of little consequence where the voyage 
18 only of three or four hours duration. 

The ratios of cylinders for auxiliary engines are also determined 
tDore from considerations of weight and bulk than of economy, and 
without regard to boiler pressures, — with the result that they are 
farely made so great as in the case of the propelling engines, even 
when the auxihary en^ne must run hour for hour with the main 
Bugines ; in practice this ratio is generally about 1 : 2*5 to 1 : 3 for 
cylinders side by side, and 1 : 3*5 to 1 : 4 for tandem engines. 

Three-stage or Triple enguiea» and Four-stage or Quadruple 
engines. — In the case of main or propelling engines for merchant or 
mail steamers, space and weight are, within ordinary limits, of very 
little consequence, whilst coal consumption is of the utmost import- 
ance, and L.P. cylinders are therefore usually made large enough to 
expand the steam down to the full economical limit, — of say, 6 lbs. 
i^bsolute. 

The following Table shows the ratios of cylinders necessary to effect 
^bis, with a cut-off in the H.P. of '6 of the stroke :— 
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Table XI.— Ratios of Cylinders. 



Absolute pressure, 


125 


185 


145 


155 


165 


175 


185 


195 


M.P. 
Ratio jj p 


2-04 


2-11 


2-19 


2-26 


2-33 


2-40 


2-47 


2-54 


Ratio ^ 


5 


5-4 


5-8 


6-2 


6-6 


7-0 


7-4 


7-8 


Working pressure, 
(above atmosphere) 


110 


120 


180 


140 


150 


^160 


170 


180 



L.P. 
The values given in the above table for the ratio g p are such that 

absolute pressure 
the nominal rate of expansion is, in each case, jg ; and 

M.P. 
those for ratio i p are calculated by the formula, — 

L.P. area 

M.P. area- J .^ ^ V Ratio of H. P. to L. P. 

When the working pressure exceeds 175 lbs., the steam should be 
expanded in four stages, or, in other words, the engine should be of 
the Quadruple type. 

For Quadruple engines, working at 175 lbs. to 200 lbs. pressure, the 
relative areas of cylinders may be about 1 : 1*8 : 8 '6 : 7*9 ; • 

1st M.P. -Q I 

^^-ELPT"'' i 

2nd M.P. „ 



and 



1st M.P. 

L.P, 
2nd M.P. 



= 2-2 



It is, of course, possible to arrange the cylinders of large engine 
in many different ways, and the designer must always keep in viel 
equality of strains, and of ranges^ of temperature in the varioi] 
cylinders. 



no. 8. TRIPUE EXPANSION BM0INB8. 
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Fl(J. !£■ Trlplti ExpoDfiioa Engines. 
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RATIOS OF OTLINDBBS. 




FIG. 8B. TRIPLB EXPANSION BNOINES. 
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BATIOS OF CYLINDBKS. 




m^ 
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Figs. 8, 8a, 8b, and 8o show some of these arrangements. 

It shonld be remarked, however, that, wherever possible, three 
Tanks shonld be employed, and the tandem arrangement shonld only 
)e resorted to in cases where there would otherwise be a low-pressure 
ijlinder of 'very large size, — say over 100 inches diameter. 

Naval engines. — In war-vessels economy is only a verjr secondaiy 
consideration, whilst space and weight are of the first importance, 
iud the L.P. cylinders of triple engines are therefore rarely made 
Dore than 4*7 to 5 times the high-pressures. 

The ratio of M.P. to H.P. is usually 2 to 2'25. 

The boiler pressure now used is almost invariably 156 lbs. 

Cases will, of course, often occur, in which the relative importance 
>f economy, and of weight and bulk, will lie between the two 
xtremes, of the cargo vessel on the one hand, and of the war-ship on 
lie other, and the designer must meet them by adopting such inter- 
fiediate ratios of cylinders as best suit the circumstances. In fast 
aigo steamers the ratio of H.P. to L.P. is commonly 1 to 6*5. 



EQUIVALENT MEAN PRESSURES, ETC. 

In estimating the mean pressure obtained in any multiple-stage 
{Bgioe, it is nsmd to refer Utothe L.P. cylinder, t.«., to calculate the 
^essure that would be required if the work of all three cylinders were 
A be done in the L.P. cylinder. 

The value of this equivalent mean pressure, or £pm, for a triple 
agine is therefore, — 

Rale 12, 

i*«=L.P. mean press. + M.P. mean press. H .P. mean press. 

^« u.Mr. m«mpr««. f^^^ ^^ j^ p ^ ^.P. ^Ratio of L.P. to H.P. 

Records of the Epm obtained with each engine should be kept, — 
together with notes of the various conditions under which the trials 
liere made, — ^snch as pressure of steam at H.P. valve casing, degree 
if opening of throttle or regulator valve, amount gear is "liuKed-up," 
(iraam in condenser, &o., — as they supply a readv means of checkmg 
!iIciilations for sizes of cylinders, cuts-off, &c. of proposed engines of 
&e same type, and of determining the exact values of the factors, 
^proximate values of which are given in Table XIII., page 44. 

I 

Expansion of Steam : to determine Mean Pressures. 

The mean pressure obtained, and consequently the work done, in 
^y steam cylinder, or series of steam cj^linders, depends mainly on 
&e absolute pressure at which the steam is admitted, and the number 
^ times it is expanded before release. 
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BQUIVALBNT MEAN PRBSSURBS, ETC. 



Let Pi » absolute initial pressure. 
Pm" „ mean „ 

r ^number of expansions, or volume after expansion 

volume before expansion 

= cut-oflf (reciprocal of r). 

Then, — assuming that the steam is moderately moist, and that 
expansion takes place in accordance with Boyle and Mariotte's law, 
so that pressure varies inversely as volume (or pressure x volume »^ 
constant), — the expansion curve will be a hyperbola, and the pm, or 
mean length of the ordinates to the curve will be given by the 
formula, — 



^1+hyp. logr 



Rule 13. 

The following Table gives the values of "*" ^' ^^^ for various 

r 

numbers of expansions, and will be found useful in calculatioDSi 
relating to mean pressures, &c. : — 

Table XII.— Expansion of Steam* 



r 


r 


l+hyp-logr 


17-16r-A 


r 


r 


1+hyp.logr 


17-16r-A 


r 


r 


r 


r 


20 


•050 


•1998 


•186 


5 00 


•200 


•5218 


•506 


18 


•055 


•2161 




4^44 


•225 


•5608 




16 


•062 


•2358 




4^00 


•250 


•5965 


•682 


15 


•066 


•2472 


..• 


3^63 


•275 


•6308 


... 


14 


•071 


•2599 


... 


333 


•300 


•6615 


•648 


13-33 


•075 


•2690 


•254 


3^00 


•333 


•6993 




13 


•077 


•2742 




2^86 


•350 


•7171 


•70V 


12 


•083 


•2904 


... 


2-66 


•875 


•7440 




11 


•091 


•8089 




2-50 


•400 


•7664 


•756 


10 


•100 


•3303 


•8i'4 


2-22 


•450 


•8095 


•800 


9 


•111 


•3552 




2^00 


•500 


•8465 


•840 


8 


•125 


•3849 


•370 


1-82 


•550 


•8786 


•874 


7 


•143 


•4210 




1-66 


•600 


•9066 


•900 


6-66 


•150 


•4347 


•41*7 


1^60 


*625 


•9187 


_, 


6-00 


•166 


•4653 




1*54 


•650 


•9292 


•926 


6-71 


•175 


•4807 




1^48 


•676 


•9405 


... 



Absolute initial pressure should be taken at 3 to 5 lbs. below th< 
absolute boiler pressure, and back Fpressure at about 4 lbs. ; alsoj 
number of expansions is to be understood as the nomiTial number] 

or • ' ^y °^^ ^ ^ „ , without regard to clearances, or to th« 

H. P. capacity at cut-oflf ® 

occurrence of release in final cylinder before end of stroke. 
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Then, to detennine the pm, when the holier preasure is fixed, and 
he best nmnber of expansions asreed apon,~miiltiply the Pi hy the 
tiantity found in column 3 of the ahove Table opposite the proper 
nmber of expansions, and subtract back pressure from the product 

Ck)lumn 4 gives the multipliers for dry mtwraied steam, calculated 

y Rankine's formula ^-—Lz * which is based on the 

Pi r 

Bsumption that piTH— constant. It will be seen however, that, 
xcepting at very high rates of expansion, there ia no very great 
iifference between column 3 and column 4. 

Is values of mean pressures, found by aid of above table, are 
ietermined without takmg into consideration such disturbing elements 
B clearance, compression, radiation, friction of ports and passages, 
eceiver " drop, ** initial condensation and subsequent re-evaporation, 
le., it is necessary to allow for these in some way; out, the 
alcolations for their values beine laborious, and involving so many 
fsmnptions as to be of doubtful accuracy when Qnished, it is best 
allow for them all at once by multiplying by a single factor, the 
"alae of which is derived from experience. 

Then p^ x factor — "Epmt or equivalent mean pressure, — (q.v, 
»ge41). 

The following Table gives the average value of this factor for the 
Rarious types of engine, and under the various conditions named : — 
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EQUIVALENT MEAN PRESSURES, ETC. 



Table XIII.— Ratios of Actual Mean Pressures to Theoretica 



Bescxiptioii of Engine. 



(1) Expansion taking place all in one>. 
cylinder ; ports of average i ' 
and ordinary slide valve ' 
by ordinarv eccentric;- 
various auxiliary engines, 



all in one-N 
■age size;! 
re driven I 
i ;— as in | 
es, . J 



Jacketed. 



(2) Expansion taking place all in one^ 
cylinder; ports of average size: I 
and ordinary slide valves driven V 
by ordinary eccentric gear ;— as in I 
low-pressure paddle engines, . J 



(3) Expansion taking place in two. 
cylinders with receiver between ;\ 
ports of average size ; ordinarv I 
slide valves (H.P. single-ported, T 
and L.P. double-p<^ted) ; and > 
ordinary eccentric gear ;— as in 1 
paddle engines, small screw I 
and some auxiliary y 



Screw 
Paddle 
Auxly. 



•67 to -78 

MEAN '70 



(4) Expansion taking place in two \ 
cylinders, placed in same line, 
and exhausting direct from one I 
to the other ; ports, slide valves, i 
and gear as in (8);— as occasion- 
ally used, .... 



(6) Expansion taking place in three\ 
cylinders, placed side by side, I 
with receivers between them; I 
. ports of average size ; ordinary | 
slide valves (say piston valve for 
H.P.and double-ported flat slides j 
for M.P. and L.P.;; and ordinary I 
eccentric gear;— as used in most | 
merchant steamers, . 



f -64 to -68 



(6) Engines same as (6) ; but ratio of ^ 
H.P. to L.P. not exceeding 1:5; 
and running at 90 to 140 revolu- 
tions;— as in ironclads and 
cruisers, J 



•66 to -65 
r -60 



(7) Engines same as (6) ; but ratio of) 
H.P. to L.P. not exceeding 1:6; 
and running at 200 to 860 revolu- 
tions;— as in torpedo gunboats. 



In the case of any multiple-stage engine, where the power is dividi 
equally amongst the cylinders, whose number is N, and where tl 
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liralent mean pressure is ISpm the mean pressures in the various 
* tders are as follows : — 



L.P. mean pressure - -^. 

XI p * Epm ^ L.P. area 

HP — ^^Pm y, Ii.P. area 

' ' " N H.P. area' 



PISTON SPEED. 

Usoally reckoned in feet per minnte. 

Mean ▼aliie--2 x stroke in feet x revolutions per minnte. 

Experience with naval machinery has shown that the largest 
•istons {i.e., up to 100 inches diameter) may be safely run at speeds 
:p to 850 and 900 feet per minute. 

With the lighter machinery of torpedo gunboats speeds of 1000 
;o 1100 feet per minute have given perfectly satisfactory results. 

In the case of torpedo boats, the speeds usually employed are from 
JCO to 1200 feet per minute. 

The standard practice^n cargo steamer 3 is very fairly represented 
Df the expression 144 y/B, where S is the stroke in inches. (North- 
E^t Coast rule— sar page 2.) 

In large passenger and mail steamers the speed is now commonly 
fOO to 800 feet per minute. 

In the case of paddle engines, and especially of oscillating paddle 
ngioes, the available range of piston speeds is very closely limited 
)y the other conditions of the case, and has not often in practice 
•xceeded, — 

For vertical oscillatiDg engines, . .450 feet per minute. 

,, inclined ,, . . 520 „ 

, , , , engines with connecting rods, 550 to 600 , , 

As the powers obtained from a given weight and bulk of engine 
rary almost directly as the piston speed, the efforts of engineers are 
instantly directed to obtain higher speeds, without undue increase 
ff wear and tear, and there is therefore every probability of advance 
II this direction. 

By increasing piston speed a perceptible reduction can also be made 
n the percent^e of heat lost by radiation. 

There are two ways of getting increased piston speed, viz. : — 

(1) Increase length of stroke and let revolutions remain same ; 

(2) Increase revolutions and let length of stroke remain same ; 
tmt there is this important difference in the result obtained, — 

In the first case, the cost, bulk, and weight of engines all increase 
iirectly as piston speed ; whilst in the second case, there is practically 
ao increase under any of these heads ; and it is therefore in this 



i 



46 



PI8T0K SPBBD. 



second direction that the designer must go when limited as regar 
space and weight. 

On the other hand, it mnst not be forgotten that, for a givi 
cylinder capacity, the long stroke and small diameter cylinder lias 
distinct adyanti^^ over its riyal, in its smaller piston area, and coi 
seonently reduc^ pressures and strains. 

The most evident limits to increase of piston speed (and of revoli 
tions) are, — the size of ports and consequent size and weight of valve 
and the inertia of the reciprocating parts. 



REVOLUTIONS. 

In the case of paddle engines, the revolutions are, of course, strictb 
limited by the diameter oi wheel and speed of vessel, and increasec 
power must therefore be obtained either oy increased stroke, pressure^ 
or diameter of cylinders. 

The following Table gives the maximum numbers of revolutions 
per minute usual in the classes of vessels named : — 

Table XIV.— RevolnUons. 



Description or Class. 


Revolutiona 


Indicated Horse-power. 1 


Battle Ships and First Class 
Cruisers, ... 


90 to 110 


Per set of engines. ' 
10,000 to 40OO j 


Second Class Cruisers, 


120 to 140 


Per set of engines. ■ 
4500 to 3000 1 


Torpedo Gunboats, . 


. 220 to 850 


Per set of engines. 
2500 to 1500 


"1 


Torpedo Boats, . . . 


360 to 600 


' 2000 to 800 




Large Mail Steamers, 


65 to 75 


16,000 to 8000 




Fast Passenger Steamers, . 


90 to 140 


3000 to 1500 




Ordinary Cargo Steamers, 


65 to 100 


2500 to 300 




Paddle Steamers, . 


25 to 55 


... 





For ordinary cargo steamers, the relation between length of stroke 
and revolutions given by the rule— piston speed -= 144 \/S (see page 2) 
in the following Table : — 
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Table XV.— Relatioa between Stroke and Revolutions, 
Cai^o Steamers. 



stroke in 


Bevolntioiis 


Stroke in 


RevoIntionB 


Stroke in 


Revolutions 


incl&es. 


per minnte. 


inches. 


per minute. 


inches. 


per minute. 


18 


125 


33 


84 


48 


65 


21 


113 


36 


79 


51 • 


63 


24 


103 


39 


75 


54 


61 


27 


96 


42 


71 


57 


58 


30 


89 


45 


68 


60 


56 



STROKE OF PISTON. 

The following are the lengths of stroke usual in the varions classes 
i vessels named : — 

Table XVI.— Stroke of Piston. 



Battle Ships and First Class Cruisers, . 45 to 51 inches. 

Second Claiss Cruisers, 86 to 42 „ 

Torpedo Gunhoats, 18 to 21 „ 

Torpedo Boats, . . / . 9 to 18 „ 

Large Mail Steamers, 60 to 78 ,, 

Fast Passenger Steamers, . . . 30to48 ,, 

Ordinary Merchant Steamers, . 18 to 60 ,, 

Paddle Steamers, 30 to 102 „ 



When engines of the overhead beam type are used in paddle vessels 
the stroke is sometimes as much as 10 feet and even 12 feet. 

In ordinary cam) steamers the length of stroke is usually about 
•66 X diameter of L.P. cylinder. {See Table I., page 4.) 



TO CALCULATE DIAMETER OF CYLINDER FOR 
A GIVEN POWER. 

The following rules apply to L.P. cylinders only, — the sizes of M.P. 
and H.P. cylinders being supposed to be fixed from those of the 
UP. by the rules given in section on "Ratio of cylinders," pages 
35-41. 

For rapid calculations, use the formula for Estimated Horse Power 
given on page 1, and here repeated ; the result will usually be within 
5 per cent. 
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Rule 14. E.H.P:-^2iJ^B2iS 

where D= diameter of L.P. cylinder in inches. 
;?= absolute boiler pressure. 
R= revolutions per minute. 
S=- stroke in feet. 

If the size of cylinder is required for a given N.H.P., on the basi 
of a rule of the form, — 

N H P -^i^+^^+^s' 
' * F 

where d^, dg, d^^ are respectively diameters of H.P., M.P., and L.r 
cylinders, and F is some facjkor representing number of circular inche 

of piston per N.II.P. — put r for ratio -J^i^I??, and R for rati 

L.P. area 

M.P. area. ., ^„ / 

=-^ then,— ( 

L.P. area 

Rule 15. Diameter of L. P. » / N.H.P.xF 

If the rule takes the form, — 

N.H.P. ^^:i±^l±dz X -ys 
Fi 
where S is the stroke in inches ; then, — 

Rule 16. Diameter of L.P. = / N.H.RxF" i_ 

V(r + R+l)^S* 
If the size of cylinder for a given Indicated Horsc-power i 
required, let S stand for piston speed in feet per minute, and E»m fo 
the equivalent mean pressure in pounds per square inch (calculate 
by rules given on pages 41-45) ; then,— 

Rule 17. Area of L. P. cylinder » I- H- P- x 33,000 . 

T • . ^. . . EpmxS ' 

or, if piston speed is required, — 

Rule 18. Piston speed - ^'-H- P- x_33, 000 . 

L.P. area x Ep,„ ' 
or, again, if equivalent mean pressure is required,— 

Rule 19. ^Pm = I.H. P. X 33,000 . 

L.P. areaxS ' 
and lastly, if I.H. P. is required,— 

Rule 20. LH.P , L.P. areaxSxEym 

33,000 
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CYLINDER PORTS, PIPES, AND PASSAGES. 

In fixing the sizes of cylinder ports, Ac., it is necessary— as in so 
many other cases — to discover the best comproniise. By increasing 
the port areas, for instance, " wire-drawinff " is diminished, a freer 
exhaast ia obtained, and the resulting indicator diagram \a fuller; 
bat, at the same tii^e, the size and weieht of cylinder, of slide-valve, 
aod of valve-gear, are increased, and the loss may easily balance the 
gain. 

The following figures give such speeds of steam as are usual in triple 
eogines of the best class ; hut it must be understood that in dealing 
with very high piston speeds (say over 900 feet per minute), it is 
not always either possible or advisable to give such large areas :^- 

Table XVII.— Speeds of Steam. 



Main steam pipe, 8000 ft per minute ; or, say 8100 ft., then — 
Diameter - — - — ' x VMean piston speedT 



Mean of maxi- T H.P. — 7,600 ft. per min. 

mum valve open-{ M.P. — 9,000 „ 

ingB, I Ii.P.— 12,000 „ 

( Nearly equivalent 

p^,^ iAr.r^r^^ «^ ( ^'^- — ^,800 „ to 40, 60, aud 60 c. 

I Ports (during ex- J ^^ p _ ^'^^^ |^ . ^ J ^^\^^^^ ^^ 

^^^^h ^^L.P. — 8,600 „ I s(^. inch of port per 



Exhaust pipe or i 
passage from one J 
cylinder to next or 1 
to condenser, i 

Ports (during / 
I exhaust) in light, -| 
; high-speed engines, ( 



L minute. 



H.P. 
M.P. 
L.P. 


— 4,600 

— 6,500 

— 7,000 


ft 
»» 




H.P. 
M.P. 
L.P.- 


— 6,800 

— 8,600 
-11,500 




r Nearly equivalent 

to 40, 60, and 80 c. 

■ ft. of cylinder per 

sc^. inch of port per 

.minute. 



For Two-stage, or Compound engines use the above figures, only 
omitting those referring to M.P. cylinders. 



proportions 



following Table is based on the above figures, and givei 
tions at a glance, — where A is the area of tne cylinder : — 
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CYLINDER FORTS, PIPES, AND PASSAGES. 



L.P.A. 

-f- 

Areaof 

main 

eduction. 


pp«p»p»po^*«>^*OOT^.e^oo';«»^o 




^ppw^*^•©^pp17^'J*^oooocfe»pr-loo■»P 

(NC^rH»-HrH?-liHrH 




»popoo©^op(Nipoi^p«peoowip 

Ol l-H rH »H fH rt 


< 


L.P.A. 

-f- 

Areaof 

L.P. 

ports. 


P'^p"^Ma1^(^^peoc^co»p^•r-^wapp 

Oo4^^<X)4i^.^(3J^*OTi^©OG<^»HOOOiO>00 
THeO<N<N<Nr-lfHfHTHfHfHr-lfHr-l 


M.P.A. 

Ar^of 
M.P. 
ports. 


poopppoijUTHpiTiwpOipopc^ 


H.P.A. 
Area of 
ports. 


p(Nwpu^Oip»pp9ie0^*C^o07»^r^0O 


< 


L.P.A. 

-7- 

Mean area 

of L.P. 

max. 

openings. 


P p p CO p «p p go p "^ i-H P p r-l OT <p p 


M.P.A. 

Mean area 
ofM.P. 

openings. 


pppr*»pppeop poo p(Npp»op 

ia«boiOCqOa0^lboO(NC4r-( O O 0» Oft 
'«*10O0O<N<N(M,-lrHrHrHrH,-lrHrHr-l 


H.P.A. 

-f- 
Mean area 

max. 
openings. 


»pop';*r*pppip»£»wp';*oooop»« 
^»o«^^oo«©u^eo<^J1^ o o cfe oo oo i?* w 

CO0O<M<N»H?-lriiHi-«»-lr-trH 




pppqopt^pjpooOT'^pp'^P'^p 
o<^^«©c^o^*«^4J^ooe^l^oooi 000000 


.1 


ooooooooooooooooo 

0»AOkOOOOkOOkOOlOO»aOtOO 
04C400GO<<««^kO>iO<OCOt>«t»00000»a&0 
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To determine the area of any port, pipe, ptssaffe, &c., for any ffiven 
speed of piston, — Divide the area of the cylinder oy the number tonnd 
in the proper column opposite the giyen piston speed, and qaotient 
will be area required. 

GENERAL REMARKS ON STRENGTHS, &c. 

Tlie dimensions and proportions giyen for the various details of 
engines, in this and succeeding sections, are in all cases such as 
experience has shown to give satisfactory results, both as regards 
stiibess and strength, and also as regards durability. Where weight 
is not a consideration of importance, the various parts may be made 
Heayier, or laiger, but, with good material this is unnecessary ; on the 
other hand, they may be, and are sometimes, made smaller or lighter, — 
as in some Naval vessels for example, — but in such cases, the increased 
nsk of breakdown, and the increased wear and tear when working at 
fall power, are understood, and accepted as the price that must be 
paid for reduction in weight. 

CYLINDER BARRELS. 

Cylinder barrels should be made of good sound cast-iron, at least 
twice melted, and of the thicknesses given by the following rules : — 

Rule 21. T - g^ {p + 60) + -2 ; for cylinders fitted with liners. 

Rule 22. T = (-P + 5^) + "^ J ^^' cylinders without liners. 

Where T is thickness of barrel, and D diameter of cylinder, both 
in inches; and p is maximum pressure in cylinder, — the values of 
which are assumed to be as follows : — 
For H.P. cylinders of Triple and Quadruple 

engines, p— boiler pressure. 
H.P. „ Compound ,, |?= boiler pressure + 20. 

M.P. „ Triple ,, p— "6 x boiler pressure. 

M.P.I „ Quadruple „ p^'7x „ 

M.P., „ „ „ p=-45x 

L.P. „ Compound „ p = '5 x (boiler pressure + 20.) 

L.P. ,, Triple ,, p— "37 x boiler pressure. 

L.P. ,, Quadruple ,, p«="8x ,, 

It is also assumed, as previously stated, that compound engines 
work at pressures between 70 lbs. and 120 lbs. ; Triple engines between 
J201b8. and 175 lbs.; and Quadruple engines between 175 lbs.' and 200 

lbs. 

For working pressure of 160 lbs. the formuke may be reduced to the 
foriDs given at the heads of the columns in the following Table, which 
is calculated in accordance with them, for 160 lbs. : — 
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GTLINDBB BARBELS. 



Table XIX.— Cylinder Barrels of Triple Engines (z6o lbs.). 



q 


Thickness in inches, with liners. 


Thick, in inches, without lihbes. 


H.P. 


M.P. 


L.P. 


H.P 


M.P. 


L.P. 


D „ 


D 


D 


D 


D 


D 


m+-2 


41+2 


5^+2 


28^+'* 


« + •* 


-65-+ •* 


10 








■75 ?4 


•66 


^Vi. 


•68 


% 


16 








■03 "/i6 


•77 


'Vi. 


•67 


^^6 


20 


•90 


'Vi. 






1-10 lyg 


•89 


"/i. 


•76 


^Vie 


25 


1-07 


IVie 


•81 


'Vie 




1-271% 


roi 


1 


•86 


% 


30 


1-25 


1^ 


•93 


'%. 




I'lSiVi, 


1-13 


1% 


•94 


1 


35 


1-42 


IVie 


1-06 


IMe 


•83 


^Vl9 


r62i5^ 


r26 




1^03 


IMe 


40 


1-60 


Ws 


1-17 


IMe 


•93 


'%s 


i-sopy,. 


1-37 


1% 


1-13 


1% 


45 


1-77 


1% 


1-29 


IVie 


1-02 


IVie 


1'97;'2 


1-49 


1% 


1-22 


1^4 


60 


1-95 


1"X« 


1-42 


IVie 


Ml 


iy« 


^^'l-^'^ys 


1-62 


l?/3 


131 


1M« 


65 


2-12 2y8~ 


1-64 


IM. 


1-20 


134 


2'3J;2%, 


r74 


1% 


i'4o;rx« 


60 


2-30;2»Xe 


1-66 


l"/l6 


1-29 


iVie 


2-60,2% 


1-86 


1% 


1-49,1% 


65 




1-78 


I'Vie 


1-38 


1% 


1 


1^98 


2 


1-58 PXe 


70 




1-90 


l"/l6 


1^47 


1% 




2-10 


2J^ 


1-67 


l^Vie 


75 




2^03 


2M« 


1-56 


IVie 




2^23 


2^4 


1-76 


ly* 


80 




2-15 2yie 


1-65 


l^Vie 




2-36 


2% 


1-85 


IVs 


85 






1-74 


1% 






1-94 


WAe 


90 






1-83 


1% 






2-03 


2yie 


95 






1-93 


l^Me 






2-13 


2% 


100 






2^02 


2 Vie 






2-22 


234 


105 






2-11 


2y8 






2^31 


2%e 


110 






2-20 


2y4 






2^40 


27x6 



The thicknesses given by the rule for the cylinders of Compound 
engines working at 100 lbs. pressure are exhibited in Table XX. 
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Table 2X--Cjliiider Barrels of Componnd Bns^ines (xoo lbs.). 



tl 


rUckneas In inches, with ldiebs. 


Thick, in inches, without LINIR& 


ILP. 


L.P. 


H.P. 


LP. 


js-S 


D 




D 




D 


D 




«3 


85-3 


+ •2 


55 


+ •2 


86T+* 


55 


+ •4 


10 










•68 


"Xe 


•68 


% 


15 










•82 


"Xe 


•67 


^M« 


20 


•76 


% 






•96 


1 


•76 


*»X« 


25 


•91 


"X. 






1^11 


1% 


•86 


% 


30 


105 


1M« 






1'26 




•94 


1 


35 


119 


1M« 


•83 


"X. 


1-39 


^% 


1^03 


iVi. 


40 


• 1-33 


iMt 


•98 


"/le 


168 


1^ 


113 


IH 


45 


1-47 




1^02 


IVi. 


1-67 


l^Xe 


1-22 


!•! 


50 


1-61 


1% 


1-11 


1% 


1-81 


V'An 


1^31 


55 


1-75 


1% 


1-20 


1^ 


1-96 


1'%. 


1-40 


ly.. 


60 


1-90 


1% 


1-29 


I'A, 


2^10 


2^ 


1-49 


:^. 


6.5 


2-04 


2Mt 


1-38 


1% 


2^24 


2y4 


1-58 


70 






147 


lis. 




1-67 


I'Me 


75 






1-66 




V76 


1% 


SO 






1-66 


I'Me 




1^85 


1^ 


85 






1-74 


1% 




V94 


I'M. 


90 






1-83 


1% 




2-03 


2M. 


95 






1-93 


!"/!« 




213 


2% 


lOO 






2-02 


2yie 




2-22 


i-i 


105 






211 


2% 




2-31 


110 






2-20 


2^ 




2-40 


2'Xe 



For the very light machinery of torpedo gun-boats, &c., the thick- 
nesses of cylinders fdr working pressure of 160 lbs. may be as shown in 
following Table ; — 

Table XXL— Cylinder Barrels of Torpedo Gunboats. 



IMameter 


H.P. 


MP. 


L.P. 


of 

cylinder 
in inches. 


Thickness in inches 


Thickness in inches 




s+-««- 


I+- 


^+- . 


10 


•57 


Vie 


... 


,,, 






16 


•68 


^Me 


•68 


•Xe 






20 


•79 


^•Xe 


•68 


"X. 


•68 


•Xe 


25 


•90 


"Xe 


•78 


^Vie 


•67 


'Vie 


30 


roi 


1 


•88 


% 


•76 


% 


1 35 


1-12 


1% 


•97 


1 


•83 


'Vie 


40 






1-07 


IMe 


•91 


Vs 


45 






1-16 


IVie 


1-00 


1 


50 










1-08 


iMe 


56 










116 


l%e 
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The mixture of iron for cylinders of this type must, of course, be of a 
very specii^ character, and should contain a good proportion of best 
cold-blast iron. 

For thicknesses of cylinder barrels for oscillating engines see page 68. 

The barrels of all cylinders are improved by the addition of exteniAl 
stiffening ribs or rings ; these may have a thickness of 1 *5 x thickness of 
barrel, and may stand *75 x thickness of barrel above the surface, 
whilst they may be pitched about 12 x thickness of barrel apart 



CYLINDER LINERS. 

Cast-iron cylinder liners should be of thickness given by the rule,— 

Rule 23. T- -8 j g^(P+ 60) j + -85 

where T is thickness, and D diameter, both in inches, and p has the 
same values as given in section on cylinder barrels, above. 

The following Table is calculated by means of the above fonnula, 
for liners of triple engines working at 160 lbs. pressure : — 

Table XXII.— Cast-iron Cylinder Liners (z6o lbs.). 



11 


Thickneaa in Inchea. 


II 


. 1 
, Thickness in inches. 


15 




a a 




H.P. 


M,P. 


L.P. 


lis 


H.P. 


M.P. 


L.P. 1 


10 










... 




65 






l:-62 


1% 


1-29 


\% 


15 


... 








.,. 




70 






1-71 


i''/<. 


1-86 


1% 


20 


0-91 


"X« 




1 


,,, 




75 






1-81 


i"/<. 


1-44 


iVie 


25 


1-05 


l^^ 


0-S3 


'V.. 


■■* 




80 






1-91 


1"/. 


1-61 


1% 


30 


1-19 


1M« 


0-03 


^7;. 






85 






... 




1-59 


iVio 


35 


1-33 


!*/;« 


1-03 


1 


i}"6h 


% 


90 










1-66 


1% 


40 


1-47 


1% 


M3 


1% 


0-92 


*'/;« 


95 








... 


1-73 


1% 


45 


1-61 


1% 


1-22 


i!4 


TOO 


1 


100 










1-80 


PM. 


50 


175 


1% 


1-32 


iVitii'^^a 


1^/ifl 


105 










1-88 


VA 


65 


1-89 


\y^ 


1-42 


iv,. 


M5 




110 








... 


1-95 


v% 


60 


2-03 


2 


1-52 


ly. 


1-22 


1^4 


... 








... 


... 





When of forged steel, cylinder liners should be of thickness given b] 

Rule 24. T= -65 j g^(P +60) j + -3 

where all symbols have same meanings as above. 

Table XXIII. is calculated by means of this formula, for liners 1 
triple engines working at 160 lbs. pressure. 
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Table XXIIL-^Fofgid iteel Cylinder Liners (x6o lbs.). 



Dlantof 






Thlcknefli In iDches. 




1 


rrlnulAv 












t-jrimcier 
inincbeB. 


HP. 1 


M.F. 


L.P. 


20 


75 


% 








25 


•87 


% 








30 


•98 


1 


•77 


*»/• 






35 


1-10 


1% 


•85 


% 






40 


1-21 


1% 


•93 


'Vi. 






45 


1-33 


roi 


' 1 


•88 


% 


50 


1^44 


iVx. 


1^09 


1% 


•89 


"/.. 


55 


1-55 


iVi. 


M7 


i»X« 


•95 


1 


60 


1-66 


l"/ie 


1^26 


\l 


1-01 


1'/.. 


65 






138 


1-07 


I'X. 


70 






1-41 


IVie 


ri2 


1% 


75 






1-49 


1% 


1^18 


I'A, 


80 






1-67 


iVie 


1-24 


iy4 


85 








1-80 


!•/.. 


90 








136 


1?^ 


95 








1^42 


ly.. 


100 








1-48 


i!?. 


105 








1^54 


110 








1-60 


1?^ 



For liners of horizontal cylinders the above thicknesses may be 
increased by V4«-inch. 

For steel liners the piston packing rin^ should be of hard bronze, 
as east-iron will not work satisfactonly with forged steeL 



CYLINDER ENDS AND COVERS. 

In most engines the cylinder end has, in addition to supporting the 
uniformly distributed load due to the steam pressure, to take the more 
or less locally applied pull of the frames or columns, and distribute it 
to the barrel ; and the various ribs or webs must therefore be carefully 
arranged to effect this. 

When the L.P. diameter is over 70 inches, it is desirable to make 
the end double, and this must of course be done for any size when 
steam jackets are required. 

The double bottom adds considerably to the weight of a cylinder, 
as the inner metal must still be made strong enough to stand all local 
shock and strain ; and it increases the risk of unsoundness in the 
casting. 

In Naval work the double bottom is frequently dispensed with, on 
account of its weight ; but owing to the use of the conical or " dished " 
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steel piston, the cylinder end can also be '' dished," and is thus given 
such additional structural strength that L.P. cylinders are commonly 
made with single ends up to 90 inches diameter. 

Table XXIY. gives the thicknesses of single and double cylinder ends 
for triple engines working at 160 lbs. pressure, the following condi- 
tions being assumed : — 

(a) The over all depth or thickness of a double end is not less 

than five times that of the metal given in the table. 

(b) In a single end, the total depth of the central ring (forming 

the hole for boring-bar) is not less than 5% times the thick- 
ness of end given in the table. 

(c) The number, strengths, and positions of webs, &c., are as 

customary i^ "average" practice for two, three, or four 
columns or frame attachments. 

As much depends on (c) the Table and rules from which it i» calcu- 
lated must be used with judgment, and checked by the rule for flat 
surfaces given on page 59. 

The rules from which Table XXIV. is calculated are, — 
Rule 25. Thickness of single cylinder end » '85 x/. 

Rule 26. Thickness of double cylinder end « *7 x/. 

where / is thickness of barrel (columns 8, 10, and 12, Table XIX. ) 
+ -26 in. 
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There is something to be said in favour of the practice of making 
the inner metal of double bottoms and covers a little heavier than th.e 
outer in large cylinders, and if it is desired to do this, the inner metal 
may be made ^Xe-ii^ch thicker than shown in table, and the outei 
Vie -inch lighter than table. 

Single cylinder covers should not be used for larger sizes than about 
12 inches H.P., 24 inches M.P., and 40 inches L.P.; and in verticsk] 
engines it is better to make all but the very smallest of the double 
type. Single covers may be much strengthened by adding small T or 
bulb heads to the ribs. Single covers should be of thickness 
given by,— 

Rule 27. Thickness of single cylinder coyer « 77 x/ ; 

and for double covers, — 

Rule 28. Thickness of double cylinder cover « *65 x/; 

similar general conditions being assumed, as in the case of cylinder 
ends. 

A sufficiently close approximation to these thicknesses, for triple 
engines working at 160 lbs. pressure, may be obtained bv multiplying 
the thicknesses given in Table XXIV. for cylinder ends by "O. 

In large cylinder covers and bottoms, or ends, care should be taken 
that there is no lack of strength in the central ring which surrounds 
the stuffing-box or manhole in the one case, and the boring hole in the 
other ; it snould have the same thickness as the metal of the cover or 
end, and good radii should be used in the comers formed by its 
junction with the metals of the bottom or cover, and of the various 
webs. 

Very light cylinders, of the type referred to in Table XXL, are better 
made with loose covers for both ends, the thicknesses of which should 
be as follows : — 

Rule 29. Thickness of end covers- -5 x/^ ; 

where /i is the thickness of cylinder barrel (from Table XXI. ) + '25 inch. 
They should be made of the same special iron as the barrels, and 
shoidd each have from 6 to 12 deep stiffening ribs, the mean thickness 
of which (thev should have Vie-ii^ch taper for moulding) may be 
Vie "inch less than that of the cover. 



CYLINDER VALVE BOXES, PORTS, ETC 

The casings, ports, passages, &c., for piston slide-valves should be 
made of thicknesses given by, — 

Rule 30. Thickness of piston valve casing- -8 x/ ; 

and when flat slide-valves are used the thicknesses of casings 
• be, — 
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Rule 32. Thickness of valve CMing:- 7 x/ ; 

/ haying, in both cases, the same value as above. 

It will be noted that the Utter value ( 7 x^) is the same as for metal 
of doable ends, the thicknesses of which (for triple engines working at 
160 lbs. pressure) are given in Table XXIV. 

It most be remembered that in the case of valve casincs, as in that 
of cylinder ends, a veiy great deal depends on the number, size, and 
arrangement of stiffening webs, and the following rule should tiiere* 
fore be used in conjunction with the Table : — 

Rule for flat surfaces.— All flat surfaces should be stiffened by 
webs or stays of some form, whose distance apart should not exceed, — 



Rii]e32. Pitch in inches- /^^; 



where t is the thickness in 16ths of an inch, p, the pressure in pounds 
per sqnaie inch on the surface, and C equals 50 for cast iron, and 120 
for cast steeL 

These webs should be of the same thickness as the flat surface, and 
their depth at least 2*5 times the thickness. 

When flat slide-valves are used the thickness of the metal which 
separates the steam ports from the steam chest or receiver, and from 
the exhaust port, should be in accordance with the following rule, — 
it being understood that the ports of laige cylinders are so divided by 
webs that no section or compartment exceeds 20 inches in width : — 

Rnle 33- Thickness of port metal = '65 x/, 

where /has the same value as before. 

These thicknesses (for triple engines working at 160 lbs. pressure) 
may be obtained with sufficient accuracy bv multiplying the figures 
found in columns 8 and 12 of Table XXlV. by 9. 

The slide-valve faces of cylinders, when a false face is fitted, should 
he made of thickness given by the rule, — 

Role 34. Thickness of cylinder valve-face (when a false face 
is fitted)- -8 x/, 

and when no false face is used, the rule becomes, — 

Rule 35. Thickness of cylinder valve-face (when no false face 
is used) = -9 x/. 

False faces of hard cast-iron may have a thickness, — 
Rnle 36. Thickness of cast-iron false face- 75 x /. 
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CAST-STEEL CYLINDER COVERS. 

For a flat plate secured round the edge after the manner of a cylinder 
cover, but yet not quite encastr^, the formula may be written, — 



'-^^ 



dry 

4/' 



(a) 



where t is the thickness in inches ; r the radius of the cylinder,— also 
in inches ; p the maximum pressure on cover in lbs. per sq^uare inch 
above atmosphere ; and/ the greatest permissible stress per square inch 
on the material. When a suitable value of / has been inserted, and 
a small constant quantity (necessary for practical reasons) added, this 
becomes, — 



Rule 37. 



'V: 



160,000 



+ •26, 



which gives the thickness (very nearly) of steel cylinder covers of the 
single type, ribbed as directed below, and coned to suit steel pistons, 
made in accordance with formulae and Table given on pages 76-79. 

For steel covers of triple engines, working at 160 lbs. pressure, this 
formula (after reduction and further slight adjustment of constant 
takes the forms given at heads of columns in following Table : — 

Table XXV.— Cast-Steel Cylinder Covers. 



Dla. of 
cylinder 


H.P. 1 M.P. 


L.P. 


Thick, in inches 


No. of 
ribs 


Thick, in inches 


No. of 
ribs 


Thick, in inches 


No. of 
ribs 


in inches. 


I+-2*- 


D+20 


I+-8*- 


D+20 


il+*2- 


D+20 




S6 


6 
6 


56 


7-5 


100 


9 


10 


.•62 


Vi. 


•62 


Vie 


4 


•62 


Vis 


4 


20 


•79 


'Yie 


7 


•70 


% 


6 


•62 


% 


5 


30 


1-07 


i^- 


9 


•87 


% 


7 


•72 


% 


6 


40 


1^35 


10 


1^05 


I Vie 


8 


•82 


% 


7 


60 


1-63 


1% 


12 


1-23 


1% 


10 


•92 


"Xe 


8 


60 


1^91 


1"/,. 


14 


1-41 


IVie 


11 


1^02 


IMe 


9 


70 






... 


1^69 


1% 


12 


1^12 


1% 


10 


80 






... 


1-77 


l'»/l6 


14 


1^22 




12 


90 




• •• 


... 


... 






1-32 


^% 


13 


100 






... 








1^42 


1%6 


14 


110 




... 


... 




... 


... 


1-62 


IVie 


15 



Where the size of the cover permits it, and there is no centra 
stuffing-box, a very strong form may be obtained by fitting a centra 
manhole (say 16 inches diameter), and surrounding it by a good stout 
ring of metal to form an abutment for the radial nbs. 
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The thickness of the ribs may be '9 x thickness of cover. 

The steeper cone of the H.P. cover undoubtedly gives it considerable 
additional strength, but its greater liability to shock and strain from 
the presence of water may be considered as almost balancing the 

aCCOQDt 

CAST-IRON VALVE BOX COVERS. 

Where these are circular, as in the case of covers for piston-valve 
boxes, a modification of the formula (a) given above may be again 
Employed ; the nature of the material renders the addition of a larger 
constant quantity necessary, and provision must be made for stiffness 
in LP. covers by adding a constant to the pressure also. The 
formula may then be written, — 



Rule 38. <_ /3ji!l^i2^)+.5. 

^^ V 4 X 46,000 



This will be found to give practically the same results as Rule 28 
and Table XXIY., and may be used in their place for cylinder covers, 
if preferred. 

These covers should be stiffened by radial ribs which may have 
i thickness of *9x thickness of cover, and a depth at centre of 
3 '5 X thickness of cover, — the outer edge of rib being a curve of the 
parabolic type when the cover is flat. 

It will often happen that a cover can be made more or less curved, 
or dished one way or the other, and this should always be done 
vhere possible, — as the whole cover may then be made lighter. 

The number of ribs may be the same as for cast-iron pistons (see 
Table XXXVI., pages 82 and 88). 

Where weigh-sl^ brackets, or slide-rod guides, are attached 
to these covers, they must, of course, be made proportionately 
stronger. 

For rectangular doors consisting of a single flat plate of metal of 
thickness {t), stiffened by ribs, the greatest section of which is not less 
than (3 X <) x ( '9^) and which are spaced in accordance with Bule 
32 (page 59), the formula is,— 

(b) 



Rnle39. ^ , ^ K x ^ x^(y + 15) ^ .^ 



where t =» thickness in inches. 

b = breadth within flanges of valve-boxes, in inches. 
K ^ Length* 

" Length* + breadth* 
. p = max. pressure in lbs. per sq. inch to which door is subject. 
e — 70,000 for single doors. 
c <- 450,000 for double doors (see next paragraph). 
When the door is rectangular and of the double type— consisting of 
two equal thicknesses of metal tied together and locally stiffenedby 
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ribs, in conformity with Rule 32~the overall thickness of the door at 

centre should be not less than — gj^ s span ^ ^^^ ^^^ outer surface 

5 
may be curved in both directions, like a ** hog-back" girder. When 
these conditions are complied with, the formula (jb), given above, will 
give the thickness of either the outer or inner metal if the value 
c = 460,000 be employed. 

Larce doors of this type, when fitted to naval engines, are conimonly 
made in cast-steel — to save weight. When this material is ^used the 

overall thickness of door at centre may be . ^ span ^ ^^^ ^^^ 

0*5 
following variant of the above formula (b) may be used to determine 
thickness of metal : — 



Rule 40. ^- /«iL^,^J£+ii)+-26. 
^ V 250,000 



A convenient method of saving some space and weight, in con- 
nection with doors of this type, is to slightly increase the thickness o< 
the inner metal, and then make sufficient openings in it, towards the 
ends, to allow of the door itself being utilized as a passage for tb^ 
steam from one end of the valve-box to the other. 

When L.P. valve-boxes and doors, &c., are to be subjected to high 
test pressures — such as 90 or 100 lbs. per sq. inch — they should be 
designed as for about half that pressure — 45 to 50 lbs. instead of foi 
the usual 25 or 30 lbs. to which the receiver safety-valve is loaded. 



JOINTS OF CYLINDER COVERS, ETC. 

As the widths and thicknesses of flanges should vaiy directly as th^ 
diameter of the stud employed, it is best when designing a joint to fia 
this diameter first 

In fixing the diameter of stud the three following conditions must 
be satisfied : — 

(1) T otal load on cove r ^^^ ^^^ 

Effective area of 1 stud x No. of studs 

exceed value given in Table XXXI., page 78. 

Rule 41.— (2) The diameter of stud should not exceed 'S x thick- 
ness of flange ; and the thickness of flange should not 
exceed 1 *5 x thickness of metal to which it is attached. 

Rule 42.— (3) The pitch of the studs should not be less than 
diameter x 3*5 — (to give room for spanner) — ^nor more 
than diameter x 475. 

When no water test is required a pitch of 6 diameters is often 
used for L.P. doors, &c. 
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The diameter is usaally settled in the first instance by a rough 
process of trial and error. 

Role 43.-<-The width of joint may be from diameter x 2*3 to 
diameter x 3, but — unless weight is of ths greatest importance— it 
should not be less than diameter x 2 '8. 

The thickness of cover flange may be from diameter. x 1 to 
diameter x 1*25. 

The limit which the pitch should in no case exceed is given by the 
rule, — 



Rule 44. Maxim«mpitchininches= ^iii 



100 



where t is the thickness of cover or door flange in sixteenths of an inch, 
and p the pressure in pounds per square inch, on the cover. 

For covers of cast-steel the co-eflicient in the above rule may be 150 
in place of 100. 

It is, of course, not at all necessary that studs should always 
carry the full load allowed by Table XXXI., and it is sometimes 
convenient to load them much more lightly — as, for instance, when 
it is desired to produce a more uniform effect by using the same size 
of stud for all the covers in connection with a set of cylinders. 

Where bolts are used, as in the case of a steam joint between two 
cylinders, the thickness of the flanges should be about diameter of 
bolt X 1 '25, but should not exceed 1 '6 x (thickness of metal to which 
flange is attached) ; the width of the joint is, of course, also increased 
by an amount equal to about *6 of the thickness of that metal. 



CYLINDER RELIEF OR ESCAPE VALVES. 

Rule 45. — For the L. P. cylinder these should have a diameter of 
about one-fifteenth the diameter of the cylinder ; for the H.P. 
cylinder, where priming water may have to be dealt with, the pro- 
portion may be one-eleventh of the cylinder diameter ; and for the 
M.P. cylinder, an intermediate proportion of say one-thirteenth. 

In horizontal engines, there should be at least one valve at each end 
of each cylinder — (the Admiralty requirement is two valves at each end 
of each cylinder) — and in vertical engines there should be one at each 
end of uie H.P. cylinders, and one at the bottom of each of the 
others. 

The following Table of sizes of Relief- valves is calculated to give 
about the above named proportions, but the nearest half inch is given 
in most cases — as it is neither usual nor necessary to make patterns for 
every quarter of an inch. 
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TaWe XXVI.-Cylindcr ReUef Valves. 



Dia.of 
cylinder. 


Dia. of Relief Valve in Ins. 


Dia. of 
cylinder. 


Dia. of ReUef Valve in Ins. j 


H.P. 


M.P. 


L.P. 


H.P. 


M.P. 


L.P. 


15 


1% 






65 


6 


5 


4% 


20 


2 


1% 


. . 


70 




5% 


4% 


25 


2% 


2 


1% 


75 






6 


5 


30 


2% 


2% 


2 


80 






6 


5% 


35 


3 


2% 


2% 


85 








5% 


40 


3% 


3 


2% 


90 








6 


46 


4 


3% 


3 


95 








6% 


50 


4% 


4 


3% 


100 








6% 


55 


5 


4% 


3% 


105 








7 


60 


5% 


4% 


4 


110 






7% 



The H.P. and L.P. columns are equally applicable to the cylinders 
of Compound, Triple, and Quadruple engines. 

It is very desirable that all relief- valves should be fitted with guarc 
rings, or other suitable appliances, to prevent thoughtless screwing u] 
of the springs whenever a slight leakage occurs. ■ 

In confined engine-rooms it is also desirable to have light pipe: 
fitted to convey any water that may escape down to the crank-pits oi 
Wlge. „ . I 

For methods of calculating strengths and proportions of springs sei 

page 256. 

RECEIVER SAFETY VALVES. 

For small and medium sized cylinders (up to 60 inches diamete, 
say), these may be of the same size and pattern as the cylinder relief 
valves,— ie., KP. receiver valve same as L.P. cylinder valve, and s( 
on ; but this rule makes the valves unnecessarily large for large^ 
cylinders, and more appropriate sizes are given by the rule,— 

Rule 46. 
Diameter of Receiver Safety Valve • 



V Diameter of cylipder , 
2 



DRAIN VALVES, OR COCKS, FOR CYLINDERS, 
RECEIVERS, ETC. 

These should be of the proportions given by the following Table :— 



TABLB XXYII. — DRAIN VALVBS. 



65 



Table XXVIL-DraIn Valrak 



Diameter of Cylinder | Diameter 
I orL.P. CyliBder,!! ofyalve 

CompouDd, Triple, Ac^ or code. 



UptolC 
11 to 16' 
16 to 30" 
31 to 45" 




Diameter of CyllDder 

or L.P. Cylinder, if 

Compoond, Triple, Ac. 



46 to 60* 

61 to 76" 

76 to 90* 

Above 90* 




In Compound, Triple, and Qnadraple eneines, the valyes or cocks 
in connection with the H.P. and M.P. cylinaors, shoold be of the same 
size as those for L.P. cylinder. 

All pipes from H.P. and M.P. drain yalyes should be led to hot-well 
or feed tank, and shonld be fitted with self-acting non-return ralyes to 
prevent water getting back into cylinders. The pipes from L.P. drain 
valves should oe led to the condenser, and also be fitted with non- 
return Talyes. 

The drainage from the steam jackets should be collected in suitable 
> vessels (each fitted with a gauge glass), and then led away to the hot- 
well or feed tank. The pipes should be fitted with adjustable screw- 
down yalyes, placed in sight of the gauge glasses, and within easy 
reach of the attendants. 

BeyeraiDg engine drains shotild be led to the condenser, and fitted 
with non-return valves ; but the drainage from other auxiliary engines 
is better led into the hilges, as it always contains a large percentage 
of oil. 

Each steam jacket must have its own separate adjustable drain- 
valve, but the cylinder and receiver drains may be, to a certain extent, 
grouped, or led into common pipes so as to reduce the number of valves 
on hot-well or feed tank, and condenser. 

Drain cocks of suitable sizes should be fitted to every pipe, passage, 
or place where water can lodge, so that, when engines are cold, they 
may be quite free from water. 



STARTING, PASS, OR AUXILIARY VALVES. 

In small Paddle engines it is usual to arrange the slide-valves to be 
worked by hand, and starting valves are there&re unnecessary. 

In larger low-pressure Paddle engines, where the valves are driven 
by double eccentrics and links, the cuts-off are so late that starting- 
valves are not required. 

Compound engines, with cuts-off at about six-tenths of the stroke, 
would occasionally be unhandv without some means of admitting 
steam to one of the cylinders Inter than the main slide allows, and 

5 



k 



66 STARTING, PASS, OR AUXILIARY VALVBS. 

Starting valves should therefore be fitted to the L.P. cylinders so that 
steam may be admitted into either top or bottom nort. 

Triple engines, with three cranks, require only a small valve to 
admit steam to each receiver ; the valves should be raised from their 
seats by means of levers acting on the spindles, and should be held 
shut by smaU spiral springs in addition to the pressure of the steam. 
The steam supply uiouTd be taken from the boiler side of the 
regulator valve, and may be about one-fifth the diameter of the main 
steam^pipe. 

JACKET PIPES AND VALVES. 

If the cylinder barrels are to be jacketed, it is veiy desirable to use 
double covers and bottoms, or ends, and admit steam to these as well. 
Great care should be taken to place the drains at the lowest points, 
and to see that water can get freely to them from all parts. When 
possible, the internal ribs should be arranged so as to prevent the steam 
rushing straight through from the supply to the drain ; it should be 
compelled to circulate as much as possible. 

I1.P. cylinders should be jacketed with steam of boiler pressure ; 
M.P. and L.P. cylinders with steam of not less than 15 lbs. above the 
highest pressure usually found in their respective receivers. 

As it IS necessary to fit reducing valves to secure these pressures in 
the jackets, and as reducing valves are notoriously uncertain in their 
action, great care should be taken,— by fitting thoroughly efl^cient 
safety-valves, — ^to guard against the presence of undue pressures in the 
jackets. 

Supply and drain pipes need not exceed 1% inches in diameter, even 
in the largest engines. 

It is customary to connect the cover, barrel, and end jackets, either 
by means of small external copper pipes, or hy passages in the cast- 
ings, and so have only one supply and one dram for each cylinder. 
For drainage of jackets see also page 65. 



CAPACITY OF RECEIVERS. 

For Compound engines with cranks set at from 90" to 105', the 
receiver capacity should be 1 to 1*5 times capacity of H.P. cylinder ; 
when cranks are opposite one another this capacity may be very much 
reduced. 

Triple engines, with cranks at 120**, require only very small 
receivers ; the exhausts from one cylinder to tne next may be as short 
and direct as possible, and only large euough to keep down the mean 
speed of steam to the limit given in Table XVII., page 49 ; whilst 
the spaces around the valves need not exceed those actually required 
for the passage of the steam to the cylinders. When the M.P. crank 
leads the H.P., an even smaller receiver will suffice. 



CJOLUMN FEET AND BOLTS. 
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COLUMN PEBT AND BOLTS. 

Great care shonld be exercised in designing these feet, for through 
them the whole force of the steam on the cover is transmitted ; and, 
as the strain is always applied suddenly, very ample section of metal 
shonld be provided to sustain it 

Role 47. — ^The area of section through these feet should be such 
that the strain does not exceed 600 lbs. per square inch. 

The webs from the flanges of the feet shoula be well spread over the 
cylinder bottom and towards the sides, so as to distribute the strain. 

Rnle 48.— The bolts connecting the cylinder to the columns or 
frames should be such that the strain on them does not exceed 4000 
lbs. per square inch of area at the bottom of the thread, and when 
there are a large number, of comparatively small size, it should not 
exceed 3000 lbs. per souare inch. 

See also Table XXXI., page 7S, for loads that bolts may carry. 
The maximum or initial pressure should be used in calculating these 



The feet should always be formed so as to permit of bolts being 
used (not studs), and two at least, in each foot, should be a driving 

fit 

GENERAL REMARKS ON CYLINDERS. 

Where weight is of great importance, as in Naval machinery, it is a 
common practice to Morten the cylinder, and form the port in the 
cover, as shown in Fig. 9, — the more ordinary plan being shown by 
Fig. 9a. 




Fig. 9. Fig. 9a. 

Another method of saving weight, sometimes practised in connection 
with the very light machinery of torpedo gun-boats, is to lead the 
exhaust steam through the middle of tke relief-rings on the backs of 
the flat slides, thus doing away with the exhaust port in the cylinder 
face, and shortening the slide-valves and casings to that extent. 
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The corners of ports, both in false &ces and in cylinder faces, 
should be well rounded, as the. casings are very apt to crack if they 
are made quite square. 

Steel screw-stays may be used with advantage to strengthen the 
various ports and passages in cylinder castings. 

Where a false face is secured by the usual ** cheese-headed " screws, 
a certain measure of relief may be given to the slide-valve, and the 
lubrication may also be improved, by connecting the recesses in 
which the screw heads are sunk, by small grooves cut in the 
face. 

Horizontal Cylinders. 

Horizontal cylinder barrels should be stiffened by rings, as re- 
commended on page 54 ; but they require |9omething more than this, 
and should have— especially wnen the valve-box is on top — two 
strong ribs running up from each foot to the flange of the valve-box 
door, to prevent deformation of those portions of the barrel lying 
between the feet brackets and the valve-box ; these ribs may have a 
thickness of '8 x thickness of barrel, and may stand out about 2x 
thickness of barrel. Similar ribs should also be carried round under 
the bottom of the cylinder from foot to foot. 

In bolting horizontal cylinders down to the seatings, fitted bolts 
should be used at the front ends only — ^sufficient clearance being 
allowed in the other bolt holes to permit the expansion ^of the 
cylinder. ,#- 

Oscillating: Cylinders. 

In cases where oscillating engines are employed, weight is generally 
of great importance, and the cylinder barrels are commoiSy made 
rather lighter than would be the case if the thickness were determined 
by the rules previously given (page 51). This reduction is rendered 
possible, partly by the absence of any strains communicated from the | 
framing to the cylinder, and partly by the great stiffness imparted 
to the barrel by the steam and exhaust belts, valve-boxes, and ports, 
and their accompanying ribs. The H.P. cylinders of compound 
oscillating engines should be of thickness given by the following 
formula : — 

Rule 49. Thickness of H.P. cylinder barrel =-^ (p -I- 60) -f -4.5 

inch, where D is diameter of cylinder in inches, and p boiler 
pressure. 

The formula also gives the thickness of barrel for the L.P. cylinders 
of compound engines, and for the cylinders of simple engines working 
at 30 to 85 lb& per square inch, if 2> be taken as 25. The above I 
thicknesses are for cylinders without liners. ' 

The trunnions should be all of the same diameter in the same pair j 
of engines, whether engines are simple or compound, and must, of | 
course, be large enough to allow proper area for exhaust This plan 
allows of an annular air space between the steam pipe and the outer, 
or working surface of the trunnion, and so gives a comparatively 
cool bearing. 
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The area of section where the tnumion joins the cylinder barrel 
should be such that the value of the expression, — 
Rnleso. 

Max. effective pressure x area of p i ston -f- weight of cy linde r in lb s. 
2 X area of section 
does not exceed 500 ; i.e., the shearing stress should not exceed 500 
lbs. per square inch. 

A length of trunnion of about *4 of the diameter will usually give 
a satisfactory amount of surface, but the area should be such that the 
pressure per square inch (excluding pressure due to weight of 
cylinder) aoes not exceed 850 lbs. A safe proportion, which should 
always be obtained wbere possible, is given by, — 
Rule Ki Max. effective p ressure x area o f pis ton ^ oqq 

2 X diameter of trunnion x length of same 

A very strong attachment of trunnion is obtained by making the 
outer cylinder of barrel form, and arranging the steam and exhaust 
belts between it and the inner cylinder or liner. 

The valve faces should not be at right aogles to the line ioining 
valve-roindle and piston-red centres, but angled so that the side 
next the steam entrance is nearer to the cylinder barrel than the 
opposite or exhaust side ; this will bring the centre of valve-spindle 
as close in to the cylinder as possible, whilst allowing free way for 
the exhaust. 

7^.e receivers of compound oscillating engines are commonly 
formed around the H.P. cylinder, between the inner cylinder or liner, 
and the outer shell to which the trunnions are attached. This 
method has the accompanying advantage of making the outer 
cylinders more nearly of a size. 



CLEARANCB OF PISTON. 

The following Table shows the clearances required in cylinders of 
the various diameters mentioned : — 

Table XXVIII. -Piston Cleamnces. 



t 

i Diameter 
• ofQyBnder. 


dearances. 


Diameter 
of Cylinder. 




Cnmk 
end. 


CioTer 
end. 


Crank 
end. 


Cover 
end. 


Up to 14" 
i 15 to 20" 
1 21 to 40" 
' 41to.60" 


1/// 


a/'/ 
Vie" 


61 to 80" 

81 to 100" 

Above 100" 




94" 
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STUFFING BOXES, &c 



Table 


XXIX.— Stuffing-boxes for elastic packing:. (Pig:. lo.) 


A 


B 


C 


eolU. 


100 IDa. 


ISOlbB. 


B 


-T— 






"Sg, 




1 


1+ 


1+ 
ox 


l|5 


1^1 


il 


1 


1 


^fH 




ir 


tt*^ 


!«• 


|1^ 


fc| 


%r 


H" 


1%' 


l%" 


1%" 


%" 


•X," 


2-r 


% 


% 


15^ 




1% 


2 




»x. 


2- % 


1 


'X. 


1% 


15^ 


2 


2% 


y% 




2-)4 


1% 


Vi. 


2 


1% 


2/8 


2% 


% 


Va 


2-)4 




'X. 


^% 


1% 


2M 


2% 


% 


Va 


2- )4 


1% 


Vi. 


2)4 


2 


2^ 


2% 


1 


)4 


2- 94 


1^ 


^ 


2)4 


2)4 


2% 


2% 


1 


)4 


2- 54 


1% 


^ 


2% 


2)4 


2% 


3^ 


1)4 


)4 


2-94 


2 


•X. 


3)4 


2)4 


3% 


3% 


1)4 


)4 


2-94 


2% 


v.« 


3% 


2% 


3% 


3% 


I'X 


"X. 


2- J4 


2% 


% 


3% 


8 


3»/4 


4^4 


1)4 


»X. 


/2- % 

13- y* 


2% 


% 


4 


3)4 


4 


454 


15^ 


'X. 


/2-1 

13- 94 


3 


"X. 


4% 


3)4 


4^4* 


5 


1% 


»X. 


f 2-1 
,8- J4 


3)4 


"X. 


45S 


3% 


4% 


5% 


1% 


?4 


/ 2-1)4 
3- % 


3% 


% 


6 


4 


5 


554 


2 


% 


.'2-1)4 
8-1 


8% 


% 


5)4 


4)4 


5^4 


6 


2)4 


% 


/2-l)4 
3-1 


4 


"X. 


55S 


4)4 


5% 


-6J6 


. 2)4 


% 


.'2-1)4 
3-1 


i% 


^ 


6)4 


4% 


6 


7 


2?4 


V» 


.2-194 
3-1)4 


5 


"X. 


6% 


6 


6% 


7% 


2% 


;x. 


1 2-1 96 
3-1)4 


5% 




7)4 


554 


7 


8% 


2% 


'X. 


4-1 Vs 


6 


1% 


8)4 


6)4 


7% 


9M 


3 


'X. 


4-1 ys 


6% 


1% 


8% 


6% 


8% 


9% 


3)4 




4-1 H 


7 


1)4 


9)4 


7 


8% 
9% 


10% 


3)4 


% 


4-1% 


7% 


1)4 


10 


7)4 


1134 


3% 


% 


4-1% 


8 


1% 


10% 


8 


10 


12 


4 


•X. 


4-1% 


8H 


1% 


11)4 


8)4 


10% 


12% 


4)4 


•X. 


4-1^ 


9 


1^ 


12 


8% 


11 


13% 


4% 


•X. 


4-1?^ 


9% 


1% 


12)4 


9% 


11% 
^12^4 


14/8 


4% 




4-1^ 


10 


1% 


18 


9% 


14% 


4% 


54 


4-1 ?6 
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In all cases, the amount that the gland can enter (G) shoald be 
one-half the depth of the stuffing box (Di, D,, or D,). 

The width of packing space (B) given in above Table assumes that 
all glands are of ^^-metal, ss is usual in naval practice ; if it is 
desu^ to use cast-iron glands bushed with gun-metal the width of 
space must be increased % inch in each case. 

A ^«" bush for a cast-iron gland may be used up to 1 ^'' dia. of rod. 

2%" 

6 " 
7%" 

10%" 

Where two numbers and sizes of studs are given, the larger studs 
are intended for use with pinion nuts and toothed rings. 

The sizes of studs for rods of S% inches diameter and upwards are 
fixed on the assumption that pinion nuts and toothed rings will 
always be used. 



a." 




% " 




'A," 




%" 


»> > 


•X." 


»» » 





Fio. 10. 



Fig. 11. 
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Table XXX.— Stuffings-boxes for Metallic Packing. (Fig. ii.) 



A. 


B. 


c. 


D. 


b. 


C. 


d 


Diameter 


Width of 


Diameter 
of 

box. 
1-2A+1-26 


Depth of 
metallic 
packing. 

2VA+-5. 


Width of 


Diameter 


Depthof 
e&rtic , 


of 
rod. 


packmg 
space. 


packing 
space. 


of 
box. 


packing. 1 
1 +1 15. 


3 




5 


4 


% 


4% 


2^ 


3^4 




5% 


4% 


% 


48/4 


2% ! 


3% 




6% 


4% 


% 


5 


2)4 > 


3% 




6% 


4% 


% 


6% 


2K4 


4 




6 


4% 


% 


6% 


2?4 


4^ 




6^ 


4$g 




5% 


2H 


4^ 


1% 


6% 


4% 


% 


6 


2^ 


5 


i% 


7% 


5 


% 


6% 


2% 


6% 


1% 


7% 


6% 


% 


7 


2% 


6 


1%. 


8% 


fi% 


% 


7% 


8 


6% 




9 


(>% 


% 


8 


3% 


7 


\y^ 


9% 


6% 


% 


8% 


3% 


I^ 


1% 


10% 


6 




9% 


3% 


8 


1% 


10% 


6% 


^ 


9% 


3% 


8i^ 


1% 


11% 


6% 


^8 


10% 


3% 


9 


i>^ 


12 


6% 


1 


11 


3% 


9% 




12% 


6% 


1 


11% 


4 


10 


1% 


13 


7 


1 


12 


4% 



For the sake of uniformity the H.P., M.F., and L.F. stuffing boxes 
of triple engines are commonly made all of the same depth. 



STRENGTH, ETC., OF STUDS AND BOLTS. 

When a nut is screwed up tightly, as in making a joint, the stud or 
bolt is subjected to two distinct sfresses, viz. : — tension, and torsion ; 
and the tensile or axial stress cannot be set up, without at the same 
time producing the twisting stress. The twisting moment, — since it 
is due to the frictional resistances acting at the surfaces of tlie 
threads,— is probably very nearly proportional to the square of the 
diameter, whilst the moment of resistance of the bolt varies as the 
cube of the diameter. If, therefore, two bolts be screwed up until tlie 
CKcial stress per square inch of section is the same in botn, the total 
stress will always oe proportionately greater in the smaller of the two ; 
and every day experience shows that the tightening up of small stads 
(below % inch), — especially if they are of such easily sneared material 
as muntz-metal, — must only be entrusted to skilled hands. 

The readiest way of allowing for this twisting stress is to assume 



TABLE XXXI. — 8TRBN0TH8 OF STUDS AND BOLTS. 



73 



progreasiyely lower valaes for the working stress as the bolts diminish 
in size, aud the Table below gives valaes which should not be exceeded. 

The Table is based on the relation,— 

Workttts: stress per sq. in, ->(AreA at bottom of thread)^' x C; 

where C— 5000 for iron or mild steel, and 1000 for muntz or gun- 
metal. For iron or steel bolts above 2 inches in diameter, and gun- 
metal or bronze ones above 8^ inches diameter, the moment or the 
twisting stress is so small, proportionately, that it may be neglected. 



Table XXXI.— Strengths of Studs and Bolts. 





Iron or Mild steel. 


Hunts or ( 


[}nn-metal. 


I>ia.otBtad 
or bolt 


Working itreas 

inlbfl^per 

square inch. 


Effecttve 

ttreogth of 1 

stud or bolt 

in lbs. 


Working itress 

in lbs. per 
square inch. 


Effective 

strength of 1 

stud or bolt 

in lbs. 


H 


2000 


250 


400 


50 


% 


2500 


500 


500 


100 


1 ^ 


3000 


900 


600 


180 


1 % 


3400 


1,450 


680 


290 




3900 


2,150 


780 


430 


1% 


4300 


3,000 


860 


600 




4700 


4,200 


940 


840 


IX 


5100 


5,400 


1020 


1,080 


1^ 


6500 


7,100 


1100 


1,420 


1^ 


5800 


8,500 


1160 


1,700 


; 1% 


6300 


11,000 


1260 


2,200 


15& 


6600 


13,100 


1820 


2,620 


■ 2 


7000 


16,100 


1400 


3,220 


2^ 


7000 


20,400 


1560 


4,560 


2^ 


7000 


26,100 


1730 


6,450 


2% 


7000 


31,200 ^ 


1860 


8,300 


3 


7000 


38,100 


2030 


11,000 


3)4 


7000 


44,800 


2170 


13,900 


3)4 


7000 


53,000 


2350 


17,800 


394 


7000 


60,500 


2500 


21,600 


4 


7000 


70,100 


2500 


25,000 


4^ 


7000 


79,500 


2500 


28,400 


4^ 


7000 


90,300 


2500 


32,200 


i% 


7000 


100,800 


2500 


36,000 


5 


7000 


113,000 


2500 


40,300 


5/4 


7000 


124,600 


2500 


44,500 


5% 


7000 


138,000 


2500 


49,200 



74 



BTRBNaTH, BTC. OF STUDS AND BOLTS. 



Stads aud 1)0118 may be loaded to the figures given in the aboTe 
table whether the load is "dead " (as in the case of a joint), or " live" 
(as in the case of a connecting-rod bolt), as in the latter case mild steel 
will always be used, and the shearing stress due to tightening up is 
practically absent. 

I Mild steel studs and bolts should always be fitted with iron nuts, as 
steel ones have a much greater tendency te ''seize," and so greatly 
increase the twisting stress ; for the same reason muntz-metal or naval 
brass studs, &c. should always have iron nuts if possible. 

! Gun-metal, and the various bronzes are unsatisfactoij materials for 
small studs and bolts, not because of any lack of tensile strength,— 
which is often high, — but because of their very low elastic limit under 
I a 'shearing stress. 

' Gun-metel, muntz-metal, &c., studs and bolts are not suitable for 
joints of covers, &c., on which the pressure exceeds 50 lbs. per square 
inch. 

When iron or steel studs are used in connection with gun-metal 
steam or water valves, &c., they must not be allowed to penetrate intc 
the steam or water space, or they will rapidly corrode and come loose. 
The part of a stud that is screwed into the work should be : — 
Rule 52. Not less than IJ diameters long when screwed into cast- 
iron, and 1} diameters when not inconvenient. 

Not lessi than 1 diameter long when screwed into gun-metal 
wrought-iron, or cast-steel. ' 

The general dimensions, numbers of threads, &c., for bolte and nut 
are given in Table XXXII. ; the numbers of threads, and dimensioDl 
depending thereon are in accordance with the Whitworth Standard 
and the sizes over flate and angles are the nearest sixteenth to th 
same. 



The proportions of the Whitworth Stendard thread are shown b 

a 19 I 




Fig. 12. 
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Table XXXII.— DimensiQiis of Nnts, Bolts, etc. 









Height 












Head Head 




of head 


Naof 


Area at 


Thick. 


Size of 


I>ia. of 


and nnt and not 


Height 


for 


threads 


bottom of 


of 


spUt- 


Bolt. 


over 


over 


of nnt. 


screws 


per 


thread in 


check. 


pln 




flats. 


angles. 




and 
bolts. 


inch. 


sq. inches. 


nut 


L. S. 0. 


34 


K- 


% 


y* 


Vie 


20 


•027 


Vi. 


No. 14 


96 


' Vi. 


"A, 


% 


Vi. 


16 


•068 


^ 


,, 13 


S 


"/.. 


ly.. 




Vi. 


12 


•121 


% 


„ 12 


1*4 


ly* 


% 


Vi. 


11 


•203 


v.. 


,. 11 


3^ 


!•/{« 


1% 


% 


^M. 


10 


•303 


v.. 


,. 10 


^ 


i>6 


I'M. 


% 


% 


9 


•421 


% 


,. 9 


1 


i"X. 


2^ 


1 


^ 


8 


•554 


% 


„ 8 


1^ 


1% 


1% 


1 


7 


•697 


"/.. 


,. 7 


154 


2Vi. 


^% 


1^ 


iVi. 


7 


•894 


"A, 


., 6 


^% 


a'/i* 


2Vi. 


15? 


I'/l. 


6 


1-059 


ly.. 


.. 6 


1^ 


2M« 


2"/.. 


1% 


IVie 


6 


1-300 


1^ 


,. i 


1% 


2V.« 


3 


19^ 


IVxe 


5 


1-471 


ly* 


„ 3 


1^ 


ay* 


3y.. 


1% 


IVie 


6 


1^762 


lyi. 


.1 2 


155& 


3 


3% 


1^8 


15^8 


^% 


1-986 


1% 


.. 1 


2 


3^ 


3$^ 


2 


1% 


4^ 


2-311 


1% 


", ^ 


254 


S'^n 


4V4. 


2% 


2 


4 


2-925 




'A, 


2H 


3% 


*H 


2^ 


2»Xe 


4 


3-732 


... 


Vi. 


2^ 


4'A'. 


4"X. 


2% 


2yxe 


3% 


4-463 




% 


3 


4^ 


&y* 


3 


2$^ 


3% 


5-449 


... 


% 


< 3^ 


4% 


6% 


3% 


2^M« 


3% 


6-406 




% 


' 3H ' 


5M. 


6 


3% 


SVie 


8^4 


7^572 




Vi. 


3% 


S"/i« 


6M 


3% 


3^ 


3 


8-656 




y.. 


it 


5^»A, 


6^ 


4 


3^ 


3 


10-026 




% 


^?4 


6% 


7% 


4% 


8% 


2% 


11-480 


... 


% 


4^ 


6"/i. 


7?^^ 


^^ 


3^%. 


2% 


12-784 




y« 


* 4?4 


7y4^ 


SVi. 


4% 


4^ 


2% 


14-413 




Vi, 


1 5 


T'yi. 


9 


5 


4% 


2% 


16-145 


... 


% 



The lieads of all ordinary screws and bolts should be made hexagonal, 
and of the same size over flats as the corresponding nuts. 

All check-nuts should be chamfered on both sides. 

Set-screws that are frequently handled, such as those in the lock- 
rings on the rarious lar^^e nuts, should have square heads, and should 
either be of hard steel or should have their heads properly case- 
hardened. 

Wherever a square is used about the engines in place of a hexagon 
care should be taken that it is made of the same size as some nut over 
iatS) ss otherwise much trouble and annoyance is often caused. 
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STRENQTH, ETC. OF STUDS AND BOLTS. 



Spanners or Screw Keys. 

Excellent proportions for these are given by the diagram below an 
Table on next page. Thej should be of forged steel, and the ja^ 
should be case-hardened. 




Fig. 12a. 

For nuts above 2^ inches it is better to have a short-handled heavy 
or "striking" spanner, and a very light, or ''handling" one. 

Where "check" nuts are usea, care should be taken that suitable 
thin spanners are provided for handling them. 

For very heavy nuts, such as those on the piston-rods, and on the 
end of the "tail" shaft, the spanners should be of the closed or 
"ring" type. 



PISTONS. 

For the case of a circular flat plate, supported at centre, and uui- 
foimly loaded, the formula may be written, — 

^-CxDVp; 

where ^» thickness, and D diameter, — both in inches ; ;7»>etrective 
absolute pressure (or greatest difference of absolute pressures on the 
two sides) ; and C— co-efficient 

Cast steel pistons. —These are made of a single thickness of metal, 
and should be coned, or " dished," to get the necessary rigidity. The 
three pistons of an ordinary triple engine should all be made of the 
same total depth, which should be such that the slope of the face of 
L.P. piston next crankshaft is about 1 in 3 ; this will give a perfectly 
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rigid piston, and will also give room for a properly proportioned 
piston-rod staffing-box. 

The thickness near boss, for a piston of this type, is given vei^ 
nearly by the above formula, when C= '0046 ; that is, — 

Rule 53. <= -0046 D^^ . . * (a). 

For practical reasons, however, the addition of a small constan 
quantity, and other slight modifications are necessary, and tb 
formulee for the pistons of triple engines working at about 160 lbs 
pressure, and of compound engines working at about 100 lbs. pressnrt 
(since p will have practically tne same values in both cases) wul be,- 

For H.P. pistons, <= ^ + '24 (value ofp about 90). 
23 

For M.P. pistons, ^= gT+ '40 (value ofp about 60). 

L. P. do. , ^ = 50 + '4S (value of p about 30). 

The thicknesses near the edge, or rim, should be, — 

Rule 54. For H.P. pistons, '65 x thickness near boss ; 
M.P. do., -60 X do. do. 
L.P. do., '55 X do. do. 
For the pistons of quadruple, or other engines, similar modifications n 
the general formula {a) above may be employed. 

Table XXXI Y. is calculated by means of the above formulse, anl 
may be used for compound engines by simply omitting the M.F 
columns. 

Cast-steel pistons for the lighter machinery of torpedo gun-boats givj 
perfectly satisfactory results, even up to 300 revolutions per minuw 
when made of thickness, near boss, given by, — 

Rule 5S <- '0042 DVp+ '125 

where the symbols have the same values as above. 

The slope of the underside of L.P. piston should not be less than 
in 6 '5. The thickness near edge should be half that near boss ; am 

the depth of rim may be -^—^ — jo • They are sometimes fitt^ 

with Ramsbottom rin^s of hard gun-metal, and sometimes wit! 
ordinary cast-iron packing rings. 
They are, as a matter of course, turned all over on both sides. 

Table XXXV. is calculated by means of the above formula for boih 
pressure of about 160 lbs. 
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Table XXXV. 


PISTONS. 

—Pistons of Torpedo Gun-Boats. 




Diameter 
of piston 
in inches. 


H.P. Thick, in inches. 


M.P. Thick, in inches. 


L.P. Thick, in inches. 


Near boss. 


Near edge. 


Near boss. 


Near edge. 


Near boss. 


Kearedge.' 


10 
15 
20. 
25 
30 
35 
40 
45 
50 
55 


•62 

•72 

•92 

M2 

1-32 


'I 

1% 

lyi. 


•26 
•36 
•46 
•56 
•66 


Vie 
"/i« 


'•'61 

•77 

•93 

1-09 

1^26 

1^42 


■I 

iMe 
134 
iVi. 


•31 
•39 
•47 
•55 
•63 
•71 


1 

Vie 


'•68 

•69 

•80 

•92 

r03 

M5 

1-26 

1-38 


.1 

"X. 

I'X. 
iH 
1% 
1% 


'•29 
•35 
•40 
•46 
•52 
•68 
•63 
•69 


% 

y» 
% 

"A. 


Cflfrt-^iron Pistons. — ^These must be made of thoroughly soond and 
good material,— at least twice melted. 

A convenient unit on which to base the proportions of oast-iron bos 
(or hollow) pistons is the thickness requisite, in a circular plate of 
cast-iron, to carry safely a given pressure per square inch when sup- 
ported at centre and loaded uniformly. 

Using again the general formula given above for such a case, viz. :— 

t=Cx'D^Jp 

and inserting a value of c that will limit the strain on the material tc 
3000 lbs. per square inch it becomes, — 

<--008DV^ 

If the necessary constant quantity be then added, the units (x) foi 
pistons of triple engines working at about 160 lbs., and of compounti 
engines working at about 100 lbs., will be given by,— • 

Rule 56. For H.P. pistons, «= -008 D s/P~+ '3 

M.P. „ aj« -008 D V^+ -45 

L.P. „ aj=-008D Vp^ '6 
Other proportions are then as follows : — 
Rule 57. Depths at centre, B2xx. 

,„ S7«.Thick„es3ofn.etaloffac. ^elj ^ I x (i^^s?- 

,, 57b. Thickness of webs, •82x(x+-5). 

„ 57c. Thickness of boss round rod, ... 'Txa*. 

„ 57d. Depth of packing-ring, •75x(L.P.a;4-l-5). 

„ 57e. Thickness do. •22x(L.P.a?+l-6), 

, , 57f. Diametep of j unk-ring bolts, ... ( '2 x L. P. a;) + -o. 
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fH.P.— 74 diameters. 
Role 5& Pitch of jank-ring bolts, i M. P.—S} do. 

i L.P.— 10 do. 
Rule 59. Sprinir pnumrea per square inch of ( H. P. — 3^ lbs. 
pa<£iog-ring m contact with 4 M.P. — 3 lbs. 
cylinder (L.P.— 2ilbs. 



Rnle 6a Number of webs in piston, 



H.P.— 9 



M.P.— 10 



D + 20 
' 9"' 
D + 2() 
io * 
D + 20 



L.P.- „ 



This spacing of webs will ensure that Rale 32, page 59 is not 
violated. In calculating local strength of piston face, care must be 
taken to use the gauge pressure acting on it, and not the effective 
pressure on piston as in above rules. A good method of increasing local 
strength, and at the same time assisting the moulder, is to cast a solid 
cylindrical through tie at the centre of gi^avity of each sector of the 
piston; the diameter of these ties may be '6xL.P.a;. All holes 
provided for the removal of core material should be streogthened by 
an internal ring, the section of which may be, half thickness of face 
metal x the same. 

Pistons of Compound and Trinle engines are usually, for practical 
reasons, made all of the same aepth 7except in the case of tandem 
engines) ; but, if a piston is made of less ae^th than that given in 
Table XXXYL, the metal of the faces must be mcreased in proportion. 

The proportions given for packing-rings and junk-ring bolts are 
equally applicable to cast-steel pistons. 

All junk-ring bolts (or nuts, if studs are used), should be locked 
by means of a light wrought-iron ring, secured to junk-ring by studs 
having square bodies, which stand up through guard-ring, and 
through which stout split-pins are fitted: ^-inch studs and No. 1 
Ij.S.6. split-pins are commonly used for large pistons. 

When the ordinary nacking-ring is used an excellent piston is pro- 
<lQced by placing behind it, — one between every nair of junk-ring bolts, — 
a number of short spiral springs acting radially, and adjusted to give 
the pressures named above. For the pistons of auxiliary engines the 
Cameron spring (a corriLzated steel ribbon) is most useful, and is also 
often employed for L.P. pistons of large size. The old fashioned 
coach spring should never be employed. 

In horizontal engines solid pcuskings should be used in lieu of 
springs for the lower one third circumrorence of piston, diagonal and 
oscillatiDg pistons are also better for some solid packings. 

The following Table is calculated by means of the above formulee 
and shows at a glance the various proportions of H.P., M.P. ^ L.P. 
pistons, from 15 inches to 110 incnes diameter, for Triple engines 
working at about 160 lbs., and Compound engines working at aoout 
100 lbs. pressure:— 6 
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Table XXXVI.— Proportions 




1^ 

15 


Values of x. 

r .n |T p 

= 008Dv'?+|:«Mi. 


Depths at centre. 
=8-2 xa. 


Thickness of Metal 
= -88x(x+-5) at centre and 




H.P. 


MJP. 


















H.P. 


M.P. 


L.P. 


H.P. 


M.P. 


L.P. 


Centre. 
•64 


Edge. 


Centre. 


Edge. 




1-44 


1-37 


1-25 


4-60 


4-38 


4-00 


•58 


•62 


•56 




20 


1-82 


1-68 


1-46 


5-82 


5-37 


4-67 


•76 


•69 


•72 


•65 




25 


2-20 


1-99 


1-68 


7-04 


6-37 


5-36 


•89 


•81 


-82 


•75 




30 


2-58 


2-30 


1-89 


8-25 


7-35 


6 05 


1-01 


-92 


•92 


•84 




35 


2-96 


2-61 


2-11 


9-47 


8-33 


6-75 


114 


1-04 


1-02 


•93' 


40 


3-34 


2-91 


2-33 


10-69 


9-31 


7-45 


1-27 


1-15 


1-12 


1-02 ! 


45 


3-72 


3-22 


2-55 


11-91 


10-30 


8-14 


1-40 


1-27 


1-23 


1-11 ; 


50 


4-10 


3-58 


2-76 


13-12 


11-29 


8-83 


1-52 


1-38- 


1-33 


1-20 




55 


4-48 


3-84 


2-98 


14-34 


12-27 


9-52 


1-65 


1-49 


1-43 


1-30 


60 


4-86 


4-14 


3-19 


15-55 


13-25 


10-21 


1-77 


1-60 


1-53 


1-39 1 


65 




4-45 


3-41 




14-24 


10-90 


... 




1-63 


1-48 




70 




4-76 


3-62 


... 


15-23 


11-58 




... 


1-73 


1-57 




75 


...' 


5-07 


3-84 




16-22 


12-27 






1-84 


1-67 . 


80 




5-38 


4-05 


... 


17-21 


12-96 


... 


... 


1-94 


1-76 ' 


85 






4-27 


... 




13-66 


\ 








90 


... 


... 


4-49 


... 


... 


14-37 


... 




... 




95 




... 


4-71 


... 


... 


15-06 




... 






100 


... 




4-92 






15-74 


... 


... 




1 


105 






6-14 






16-43 






... 


- i 


110 






5-35 






17-12 


... 
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of Face*. 
•3x(x+-6)»tedge. 


Thickneasof 
boss roniul nv 


Number of Webs. 


PakcUngJUng. 


^1 




L.P. 


•7XX. 


H.P. 
9 


M.P. 

D+ao 


LP. 

D+20 


it 


• Thick. -22 X 
§ (L.P.x+1-6). 




Centre. 


Edge. 


H.P. 


L.P. 




10 


11 




•58 


•62 


1-01 


•87 


4 


2-06 


•75 




. -65 


-59 


1-27 


102 


5 


4 


4 


2-22 


•65 


•79 




! -72 


•66 


1-54 


1-17 


5 


5 


6 


2-38 


•70 


•84 




•79 


•72 


1-81 


1^32 


6 


5 


5 


2-54 


•75 


•88 






•86 


•79 


2^07 


1-48 


6 


6 


5 


2-71 


•80 


•92 






•93 


•85 


2-34 


1-63 


7 


6 


6 


2-87 


•84 


•96 






roi 


•92 


2-60 


1-78 


8 


7 


6 


3-03 


•89 


1-01 






ro8 


•98* 


2-87 


1-93 


8 


7 


7 


3 19 


•94 


1-05 






1-15 


1-05 


*3^13 


2^08 


9 


8 


7 


3 •36 


•99 


1-10 






1-22 


1-11 


3-40 


2^28 


9 


8 


8 


3^52 


1-03 


1-14 




1 


1-17 


... 


2^38 


... 


9 


8 


3^68 


1-08 


1^18 




.1-37 


1-23 


... 


2 53 


... 


9 


9 


3^84 


1-13 


1^22 




1-44 


1^30 




2-68 




10 


9 


4^00 


1-18 


1-27 




1-50 


1-36 


... 


2-83 


... 


10 


9 


4-16 


1-22 


1-31 




11-58 


1-43 


... 


2-99 


... 




10 


4-33 


1^27 


1^36 




1-66 


1^50 


... 


8-14 






10 


4-49 


1-32 


1-40 




173 


1^66 


... 


3-29 


... 




11 


4-65 


1^37 


1-44 




1-80 


1-62 


... 


3^44 






11 


4-81 


1-41 


1-48 




;l-87 


1-69 




3-59 






12 


4-97 


1-46 


1-53 




;^ 


1-93 


1-75 




3-74 


... 




12 


513 


1-51 


1-57 
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PISTONS. 



When using above Table for Compound engines simpljr omit M.P. 
columns. The dimensions are given in inches and decimals only, 
and the proportions for pistons of intermediate diameter are more 
readily seen with this notation. 



PISTON RODS. 

These should be made of steel having an ultimate tenacity of 
not less than 85 tons per square inch, — as softer steels do not wear 
satisfactorily. The permissible stress per square inch of material 
should diminish with the size of the rod, in the same manner as 
laid down for bolts, &c., (see Table XXXI. page 78), but, — on the 
principle that the more serious the accident that would reisult from 
the breakage of the part, and the more difficult of inspection it is, the 
more lightly it should be loaded, — (Rule 6i.) the maximum permissible 
stress per square inch at bottom of thread, or through cotter-hole, 
should not exceed 8000 lbs. for steel, and 6000 for wrought-iron. 

For small rods it is not advisable, in ordinary work, to exceed the 
limits given in the following Table, which is based on :— 

Working stress per sq. in. -(Area at bottom of thread)^ xC, 
where C«5000 for steel and 8800 for iron. 

Table XXXVI I. --Strengths of Piston Rods. 



Diameter of 
piston-rod 


35 Ton Steel. 


Wrought Iron. 


Working 


Kflfecttye 


Working 
stress in lbs. 


EfiFectiTe 


screw 
in inches. 


stress Elbs. 


strength of 


strength of 


per sq. inch. 


rod in lbs. 


per sq. inch. 


rod in lbs. 


% 


3700 


1,660 


2800 


1,180 




4100 


2,270 


8100 


1,720 


1% 


4400 


3,070 


3300 


2,270 




4800 


4,290 


3600 


,3,220 


^% 


6100 


5,400 


3900 


4,130 


]^ 


5400 


7,020 


4100 


5.330 


^% 


6700 


8,380 


4300 


6,320 


1% 


6000 


10,500 


4600 


8,060 


1% 


6800 


12,500 


4800 


9,530 


2 


6600 


16,200 


6000 


11,500 


2J4 


7100 


20,700 


540Q 


15,800 


2% 


7700 


28,700 


5800 


21,600 


254 and upwards. 


7700 


... 


6800 


••• 



The bod^ of the rod should, theoretically, be considered 1 
or column in compression, but as the condition of l^e ends ( 
"fixed" or "loosp") cannot be very accurately determined, 
there is also a tolerably constant relation of diameter 
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oitUnaiy marine engines, the aafest and simplest way is to fix upon a 
spedal Talae of the worldng stress for each type of engine. 
A convenient form of the formula is then, — 

Role da. Diameter of pistoa-rod* «— ^^ x \^ 

where p» greatest difference of absolate pressures on the two sides 
of the piston ; and F« co-efficient whose valaes are, — 

Naval engineSj—direct-aoting, .66 

Mercantile,— ordinary stroke, direct-acting, . 52 

long „ „ . . 49 

very long „ „ . . 46 

„ medium stroke, oscillating, * . .47 

long „ M . . 44 

The stroke of Naval engines rarely exceeds dia. of L.P. cylinder x *6 
and is nsoally between *5 and *6 x L.P. diameter. 

"Ordinaiy'* stroke, for the engines of a merchant steamer, is, — 
diameter of L.V. cylinder x '60 to '66 ; whilst 7 to '8 would be 
"long," and '8 to 1 "very long." 

A "medium" stroke for an oscillating engine is,— diameter of 
cylinder X *95 ; or, if a compound engine, — diameter of L.P. 
cylinder x 'S. 

Compound diagonal engines would come under the heading "long," 
linee iliey are uiroally given a stroke of L.P. diameter x *75, though 
the practice of different makers varies between *7 and 1'3xL.jP. 
diameter. 

If it is more convenient to use areas of cylinders and of rods, and 
to proportion the rods to carry a certain stress per square inch of 
section, the above formula may be written, — 

Rnle 62a. Area of section of piston-rod-^^??^-^L^^^^e^^ 

where F* will then be the stress in lbs. per square inch, — in each case 
the square of the numerical co-efficient given above, viz. : — 



Naval en^es, direct acting. 



3100 



Mercantile, ordinary stroke, direct acting, . . 2700 

long „ „ . . 2400 

very long „ „ . . 2100 

,, medium stroke, oscillating, 2200 

long „ „ . . 1900 

Attachment of Piston to Rod. — In small auxiliary engines it 
is a common practice simpljr to reduce the diameter of the piston-rod 
about % inch, and fit the piston up against the shoulder ; but above 
15 inches diameter of piston, it is better to leave only as much 
shoulder as may be desired for " trueing-up " the rod at some future 
time, and then give a taper of 1 in 4 on the diameters (Rule 63.) («.«., 
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if taper is 4 inches long, the smaller diameter will be 1 inch less than 
the larger), and continue it until it dies away into the parallel part 
near screw, the diameter of which has been determined as directed 
above. 

Where a piston-rod is fitted into a cross head, the same shoulder, 
taper, &c., should be used as for a piston. 

The depth of piston-rod nut need not exceed the diameter of the 
screw ; and it may be recessed as far into the piston as desired, as the 
strength of the piston is not materially affected thereby. 

The piston-rods of oscillating engines are commonly made with a 
sort of cylindrical " bolt-head," which is recessed into the lower face 
of the piston, whilst the nut is similarly recessed (to its full depth) 
into the upper face. 

The oast-steel pistons of large Naval en^es are sometimes made 
without any central boss, and attached to a Mrcular flange (resembling 
a shaft coupling) on the piston-rod by means of a number of compara- 
tively small bolts. This method, which was first used by the late 
Dr Kirk, has many good points, but the chief is perhaps the ease with 
which the connection can be made and broken again. 

Rule 64. The diameter of this flange is about, diameter of piston- 
rod x 2*25, and its thickness about diameter of piston-rod x '33. 
The attaching bolts (usually between 2% inches and 3% inches 
diameter) should be of mild steel, but should not carry more than 
6000 lbs. per square inch. 

The cotter used for attaching the piston-rod head in the case of 
oscillating engines may have the following proportions : — 

Rule 65. Breadth of cotter «Dia. of rod where '< shouldered 
down "x '82. 

Rule 65a. Thickness of cotter » Breadth x '33. 

Rule 65b. Taper of cotter = % inch per foot, or i in 32. 

These proportions are adopted in order to save all possible height, 
and, with a pro|)erly proportioned rod, they give a shearing stress 
on the cotter (which should be of fairly hard steel) of about 9000 lbs. 
per square inch. 

The stress on these cotters is in one direction only. 



PISTON ROD GUIDES AND GUIDE BLOCKS. 

Piston-rod guides should, wherever possible, be made of hard 
close-grained cast-iron, and the guide blocks, or crosshead shoes 
should be made of the same material, since no combination of metals 
gives better results than cast-iron rubbing on cast-iron. 

White metal is often used for the faces of the shoes (either fitted or 
cast into recesses in the cast-iron or gun-metal shoes), and gives 
results which, though quite satisfactory, are no better than Siose 
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obtained with cast-iron on cast-iron, when the surfaces are properly 
proportioned and well looked after daring the first few hours after 
being put to work. 

Where steam is cut off later than half stroke, the greatest pressure 
on the guide occurs when the crank is at right angles to the centre 
line through cylinder, and may be determined graphically as follows : — 




Fio. 18, 



Let AC represent centre line through cylinder ; AB connnecting 
rod ; and BC crank ; P effeotiye load on piston ; R re-action of con- 
necting rod ; and Q pressure on guide. Lay off P to some con- 
venient scale on AC, and let it to represented by AD ; then the 
perpendicular DE will be equal to the thrust Q, on the same scale. 

Or, by calculation, — 

P : Q : ! AC : BC; 



Rule 66. 



Q-p X ?5-Pxten. BAC. 
AC/ 



and, AB and BC being known, AC can be found from the relation 
AC - VAB^-BC*; 

Figs. 14, 15, 16, and 17 show types of piston-rod crosshead in 
common use for vertical engines, — the two former for small engines, 
and the two latter for large ones. The type shown in fig. 17 is 
specially suited for production as a steel casting, and ia tlien strong, 
without unnecessary weight, and gives most excellent results. 

The common method of fixing the sizes of crosshead shoes is to 
assume that the pistons, when at half stroke, have still the maximuni 
effective pressures acting on them ; to calculate the pressures on the 
guides from these loads in the manner described above ; and then to 
fix the areas of the shoes so that the pressure per square inch may not 
exceed 80 lbs. (Rule 67.) For ordinary speeds of^ piston 70 lbs. is a 
fair value, but for the shoes of high-speed Naval engines 60 to 65 lbs. 
is a more usual pressure. Of course, where the indicator diagrams 
from similar engines are available, the actual effective pressures at 
half stroke may be ascertained and used, but the pressures per squar*^ 




f^sz?::^ 



Fig. 16. 
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-^ 



]. < i-^-r^ i ^ 



Fio. 17. 

inch must then be limited to from 40 to 60 lbs., and should not exceed 
the latter fignre. 

It is very desirable to keep the crossheads and guides of compound 
iDd triple engines all of the same dimensions, and to effect this, the 
vuan of the piston loads may be used to calculate from. The surfaces 
of the astern shoes may be from '5 to *7 of those of the ahead 
ones. 

For gudgeons, and bolts and caps, see under Connecting; Rods. 

Where the gudgeon brasses are recessed into the piston-rod head, 
the inner or hiuf-round brass may have a thickness, — 
Rnle a. Thickness of inner half brass-?*5i^*,8udgeon^.2 

O 

whilst for the outer or flat half the thickness may be, — 
R»ie«. Thickne.,ofo«terh..fh«.,-5i^j€5^%-2. 

See note with reference to white metal under ** Connecting rod 
gndgeons,'* page 91 ; also Table XXXVIII., page 94. 



CONNECTING RODS. 

The length of the connecting rod, measured from centre of gudgeon 
to centre of crank pin, should not be less than twice the stroke of the 
piston. 

So far as tensile stress alone is concerned, a rod of the same 
'^meter as the piston-rod at the bottom of the thread would suffice. 
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but there are also to be considered, compressive stress, bending stress 
due to the inertia of the rod itself, and bending stress due to the 
friction of the gudgeon and crank pin. 

As marine connecting rods are usually between 10 and 16 diameters 
(measured at mid-length) long, they must, when compressive stresses 
are under consideration, be treated as struts jointed at the ends. 

Hodgkinson & Gordon's formula for the breahing strength of sach a 
strut, of circular section, is, — 

p- fs 

cP 

where P is breaking load in lbs. ; I length from centre to centre, and 
d diameter, both in inches ; s area of section in square inches j and 
/ and a co-efficients, whose values for wrought-iron or mild steel are 
36,000 and ^^ respectively. 

It should be noted that the greatest thrust on the connecting rod is 
to the effective load on the piston as AB (fig. 13) is to AG. 

As the ratio of length to diameter rarely exceeds 16, however, it is 
probable that the following empirical rule (suggested by Grashof, 
and quoted by Unwin) will give more accurate resmts, — 

Ruled9. ^- ^^^ 



A? + i 



where P is greatest safe load in lbs. ; A sectional area of rod in sq. 
ins. ; I moment of inertia (equal to '05d* for circular section) ; 
I length in inches from centre to centre; and K and e constants 
whose values are respectively 12,000 and 5000 for steel, and 10,000 
and 5600 for wrought-iron. The maximum working load on a con- 
necting rod should not exceed *75P, and is commonly about •6P. 

The bending stress, due to the inertia, may be found from the 
formula, — 

Rule 70. / = '137^ 

gad 

where v is velocity of crank-pin in feet per second ; I length of rod 
from centre to centre, and d diameter of rod, both in inches ; U 
radius of crank in feet ; and g = 32. 

The value of /will be found to lie between 800 and 1800 lbs. per 
sq. inch for the various types of engine and numbers of revolutions 
met with in ordinary practice, and this value must be added to 
the compressive stress in estimating the total stress on the material of 
the rod. 

In a three-crank engine, when one of the crank-pins heats, the 
bending stress set up in the connecting-rod by the continued action 
of all the pistons may be very great (if a "seize" could really occur 
""" ^ -ould be destroyed instantly), but its magnitude cannot be 
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even approzmiatelycalcnlated, and the case is, therefore, one that can 
only be met by an empirical formula. The above formule may, there- 
fore, be naed as cheeks, but the following empirical rule will be more 
readily applied, and the results given by it will be found to agree very 
closely with good modem practice :— 

Rule 71. p,VL X K 

where D is diameter of rod at middle, and L length from centre 
to centre, both in inches ; and 

K = '028 V Effective load on p iston in lbs. — for Mercantile enginep. 

K « '022 \/£ffective load on piston in lbs. — for Naval engines. 

Cbnnecting-rods are usually made tapered from the gudgeon end to 
the middle, and parallel from the middle to tiie crank end. 

Rule 71a. — ^The gudgeon end may have a diameter equal to 'STS 
of the diameter at the middle. 

Connecting Rod Gudg:eons.— The rods of small engines may 
have the gudgeon shrunk into the jaws or sides of the double-eye, and 
working in brasses fitted into a recess in the piston rod head, and 
secured by 'a cap and bolts ; but larger engines should have the 
gudgeon shrunk into or formed with the piston-rod head or crosshead, 
and both jaws of the connecting-rod fitted with brasses, caps and 
bolts, &c. The great advantages of the latter plan are,— the ease 
with which the brasses can be overhauled and adjusted, and the fact 
that it does not require the piston-rod crosshead to be forged solid 
with the rod. It also braces or "trusses" the joint between the two 
rods, and, in a measure, compensates for the absence of side guides, 
which experience has shown are better omitted ; and, further, should 
nnequal wear of the brasses take place, it occurs at a distance from the 
axis, and is of less relative importance than unequal wear of the two 
sides of a single central brass would be. 

Role J2, — The loads on gudgeon bearings, from maximum efiective 
pressures on pistons, should never exceed 1200 lbs. per sq. inch, and, 
when double brasses are used, they can be kept down to about 1000 
lbs. per sq. inch without using dimensions in any way abnormal, and, 
of coarse, work all the better for it. 

Where the gudgeons cannot conveniently be made of hard steel, but 
are of mild steel, or wrought-iron, they must be case-hardened, and 
then carefully ground true. 

White metal must not be used in the brasses for these bearings, as 
experience has shown that it is not suited for cases in which the 
pressures are great, and the angular movement small. 

Rule 73. — The diameter of the gudgeon (when shrunk into the 
connecting-rod) may be 1 '25 x Diameter of piston-rod, and the length 
is then given by, — 

Length of Gudeeon = Max. effective load on piston 
"^ wruugcun Diameter x 1200 
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Rnk 74. — When the gadgeon is fixed into, or formed with, the 
piston-rod crosehead, the length of each end should be not less than 
75 X Diameter of piston-rod, and is oommonlj made about *875, — 
with a diameter about the same as that of the piston-rod ; but 
in Naval engines the proportions rise to 1 or 1'2 for the len^^ths, 
and 1*25 for the diameters. 

Connecting: Rod Caps and Bolts.— The stresses on bolts of 
piston-rods and connecting-rods, per square inch area at bottom of 
thread, may be those given in Table XXXL, page 73, — the bolts being 
in all cases of mild st^l ; but, where the load is carried by four bolts 
in place of two, the strain per square inch should be one-eighth less, — 
to allow for possible inequality m screwing up. 

The bodies of the bolts should be turned down to the same diameter 
as the bottom of the thread, except where necessary for steadying the 
caps and brasses, and these remaining plain portions should be of 
slightly larger diameter than the screw tnread, — ^say Vi« "ich up to 
2^ inch diameter, and ^Xe inch for larger sizes. 



The nuts should be of wronght-iron, — as steel nuts on steel bolts 
have a ereat tendency to ''seize" and tear when imperfectly 
lubricated. 

The necessary section of cap is most readily determined by means of 
the ordinary formula for a beam supported at the ends, and uniformly 
loaded, viz. : — 

Rule 75. ^-^ 

where w is the working load per inch of length for any given valae of 
/ ; ^ the length in inches, from centre of bolt to centre of bolt ; and 
z the modulus of the section, — equal to l^^'^ftdth x Deptli ^^^ ^ 

rectangular section. For wrought-iron, or mild steel, the values of J" 
may be, — 

Flat-backed brasses and caps, — load carried by one cap,-^ — 9,000. 

Half-round „ ,, „ /- 10,000. 

Flat-backed ,, ,, two caps,-/— 8,000. 

Half-round „ ,, ,, /- 9,000. 

In estimating the breadths of caps, care should be taken to deduct 
the diameters, or breadths, of all oil holes. 

Connecting-Rod Brasses.— The overall thickness of these {i.e. , 
the thickness including any white metal) should be as follows : — 

Rnle 76. Flat-backed tirasses for gudgeon end,— 

Thickness- » + . 2. 



Rule 76a. Flat-backed brasses for crank end,— 

8 



Thickness- ^ + '2. 
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Rnle 76b. Round bnuMes for gudgeon end,— 

Thkknesa - -^ + '2. 

o 

Rule 76c Round brasses for crank end,— 
Thickness- ^+-2. 

Role 76d.— Thickness of white metal- '02D+ '125. 

Rule 76e.-When no white metal i, j To + -15 when flat backed. 
used at crank end the thicknesses may h* i ^ + .i2 round 

See Table XXXYIIL, page 94, for proportions given by these roles. 

The recesses in the brasses should be carefully tinned before the 
vbite metal is run in ; and the practice of hammering the white 
metal to consolidate it should be avoided, as it tends to detach it 
from the brass. 

Rnle 77. — ^The width of the crank end of the connecting-rod should 
not be less than *7 x length of crank-pin, —as otherwise the brasses 
vill not be properly supported. 

The proportions of the double-eye at gudgeon end (fig* 18) should 
be as follows : — 




Fio. 18. 



94 



CONNBCTING EODS. 



Table XXXVI 1 1.— Thickness of Brasses. 



C <l 

It 

1° 


Description of Bearing or Brasses. 


Connecting 

rod gudgeon 

when in 

piston rod 

head. 


Connecting 
rod gudgeon 
when on 
forked end 
of connect, 
rod. 


Crank-pins. 


Main 


Bearings. 


Inner Outer 
half. half. 


Bound 
brass's. 


Flat 
backed 
brass's. 


Bx)und 
brasses. 


Flat 
backed 
brasses. 




Bound 
brasses. 


Flat 
backed 
brasses. 


3S 


" 














sS 






5g 




D 


D . .o 


D ^ 


D „ 


D 


D 




D 


D 


S9 




-8+.2 


-7+ -2 


s^-^ 


^+•2 


-9+'2 


1+-2 


. 


ro+-25 


-9+'3 




2 


•46 


•48 


•46 


•48 


.-32 


(•37 
S ^•43 


..' 


(•30 


r35 
S )-40 




2% 


•61 


•66 


•61 


•56 


s)-37 


... 


S>34 




3 


•67 


•63 


•67 


•63 


H-V42 


+ V48 


... 


+ V39 


ft|S^50 




3% 


•64 


•70 


•64 


•70 


0|S(.47 




Pint -45 


... 


4 


•70 


•77 


•70 


•77 


•64 


•70 


•20 


•66 


•74 


•20 


4% 


•76 


•84 


•76 


•84 


•70 


•76 


•21 


•70 


•80 


•21 


5 


•82 


•91 


•82 


•91 


•76 


•82 


•22 


•75 


•85 


•22 


5% 


•89 


•99 


•89 


•99 


•81 


•89 


•23 


•80 


•91 


•23 


6 


•96 


1-06 


•96 


1^06 


•87 


•96 


•24 


•86 


•97 


•24 


6% 


1-01 


1-13 


1^01 


1-13 


•93 


1-01 


•26 


•90 


1^03 


•25 


7 


1^07 


1^20 


1-07 


1-20 


•98 


1-07 


•26 


•95 


1-08 


■26 


7% 


1-14 


1-27 


1^14 


1-27 


1-04 


VU 


•27 


1-00 


1^14 


•27 


8 


1-20 


1^34 


1-20 


1^34 


1^09 


1-20 


•28 


1^06 


1^19 


•28 


8% 




• •• 


1^26 


1^41 


1^16 


1^26 


•29 


1-10 


1^25 


•29 


9 






1-32 


1-48 


1-20 


1^32 


•30 


1^16 


1^30 


•30 


9% 






1^39 


V66 


1^26 


1^39 


•31 


1^20 


1^36 


•31 


10 




... 


1-46 


1-63 


1-31 


1-46 


•32 


1*26 


1-41 


•32 


10% 


...' 




1^61 


r7o 


1-37 


1-61 


•33 


1^30 


1^47 


•33 


11 






1-67 


1-77 


1-42 


1-67 


•34 


1^36 


1-62 


•34 


12 






1^70 


1-91 


1-63 


1-70 


•36 


1^46 


1-63 


•36 


13 






1-82 


2 06 


1-64 


1^82 


•38 


1^66 


1^74 


•38 


14 






... 




1-76 


1-96 


•40 


1-66 


185 


•40 


16 






... 




1-87 


2^08 


•42 


r76 


1-97 


•42 


16 








... 


1-98 


2-20 


•44 


1^85 


2^08 


•44 


17 




... 


' ••• 




2-09 


2^33 


•46 


r96 


2 19 


•46 


18 










2-20 


2-46 


•48 


2-05 


2^30 


•48 


19 






... 


... 


2-31 


2^68 


•60 


216 


2-41 


•50 


20 










2-42 


2-70 


•62 


2^26 


2^52 


•52 
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Roles 78 and 78ft. ^ -1*82, and -2 - -475. 

Rules 78b and 78c ^-1% and I --45. 

The sectional area at D, or F, is then about *62 of that at G ; and 
irea C X J about '39 of that at G. 

Ru]e78d. Also ^--275. 

il 

AVlien doable brasses are used the proportions differ slightly from 
^e above, and are approximately, — 

Rulc7«e,7a;«id78fi:. ^-1-26; ^-1-6 ; and ^--47. 

But of coarse, in this latter case, much depends on the type of 
erosshead employed, and the side of the jaw should be considered as a 
BuitileTer, and the section at S made such that the moment of P does 
not impose a load of more than 9000 lbs. per square inch, when P is 
taken as five-eighths of the total effective load on the piston. The pro- 
portions given above are for the case where the erosshead consists of a 
eentral cubic block, into which the piston-rod end is fitted, and from 
which the gudgeons project, one on either side, — as shown in fig. 17. 



SHAFTING. 

The resistance of a plain cylindrical shaft to a simple twisting 
stress is given by, — 

Rule 79. T--196D«x/, 

There T is the twisting moment in inch lbs. ; D the diameter of 
the shaft in inches ; and / the greatest shearing strain on the 
siaterial, — in lbs. per square inch. 

When the shaft is hollow, the formula becomes, — 

Rule 79a, T- -1965^* x/, 

where D and d are respectively the external and internal diameters. 
The values of/ should not exceed the following :— 



Shafts below 10" dia. Shafts above 10" dia. 
drought-iron forging, 9,000 8,000 

Scrap steel forging^ . 10,500 9,000 

Ingot steel forging, . 12,000 10,000 

The torsional stiffness of shafts may be estimated by the fol- 
lowing formula (Bankine) :— 
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Rule 8a 



10*9 T/ 
For solid shafts e «■ ^^ nearly. 



10*2 TZ 
Rule 8oa. For hollow shafts 6 = -^v X^ ,^ nearly. 




Fig. 18a. 

where er is length of arc moved through at radius r ; I length of 
shaft in inches ; C constant, values of which are given below ; and 
other symbols, as defined above. 

For cast-iron, . . C= about 2,850,000. 

„ wrought-iron, . = 8,600,000 to 10,000,000. 

„ steel, . . . C-10,000,000 to 12,000,000. 

Where a shaft is revolving uniformly, and transmitting power, the 
relation between the twisting moment and the horse-power applied 
is given by, — 

Rule 8x. T= ?t:^^ X 63,000. 

R 

The great majority of shafts, however, are turned by steam engines 
acting through cranks, and do not revolve uniformly, — because the 
tangential pressure on the crank-pin is constantly var^ring, — and must 
therefore be designed to resist the maasm/wm twisting moment, 
instead of the mean given bv the above equation. 

The rule therefore takes the form,— . 



Rule 82. 



D«, or: 



P<-rf* LH.P. 
D * * R 



xF. 



Where F is a co-efficient, the values of which depend on the number 
and relative positions of cranks, distribution of steam in the 
cylinders, &c., and are given in the following Tables :— 



TABLE XXXIX. — BHAFTB FOR 8GRBW ENGINES. 
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Table XXXIX.— SliAfts for Screw Ensines. 



Description of Engine. 


Value of 
Ffor 
Crank- 
ahatta. 


Value of 
Ffor 

Tunnel 
Bhafts. 


Single crank, single cylinder, cut-off '5, . 

Do. two cylinder compound, 
Two crank two cylinder compound, cranks 

at right-angles, 

Three crank triple engine, cranks at 120*, 


160 
180 

100 
85 


130 
110 

85 

74 



Table XXXIXa.— Shafts for Paddle Ensines. 



Description of Engine. 


Value of F 

Intermediate 

shaft 

joomaL 


Value of F 

Paddle 

shaft 

inner 

journal. 


Value of F 

Paddle 

shaft 

outer 

joumaL 


Single crank, single cylinder, . 

Two crank, two cylinder; 
cranks virtually at right- 
angles, and connected by 
link, 

Two crank, two cylinder, with 

at right-angles, . 
Two crank, two cylinder ; solid 
crankshaft; cranks at right- 
angles, .... 


58 


80 

58 
50 
55 


100 

65 
65 
65 



For paddle steamers working only in smooth water the above 
values of F may be reduced 20 per cent. 

The above values of F will suffice for iron shafts, but it is better 
not to reduce them when employing mild steel, unless the forgings 
are from ingots of the highest quality. 

Hollow Shafting. —Shafting for ships of war is now almost 
invariably made hoDow, in oraer to get maximum strength and 
stiffness with minimum weight. 

The internal diameter is usually half the external, so that the 
aving in weight is 25 per cent, whilst the reduction of strength is 
only about 6% per cent. 

" Tail "-shafts are usually "set in," at the after end, after boring, 
» as to reduce the diameter, of the hole within and near the 
propeller boss. 

7 
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. CRANKSHAFTS IN GENERAL. 

Crankshafts must be strong enough to bear, not only the maximum 
twisting stress, but also bending and shearing stresses, the magnitudes 
of which depend on the positions of the bearings. The conditions 
of loading and support are rather difficult to determine exactly, — 
depending as they do on the rigidity of the surrounding parts, — ^but 
it suffices for most purposes to assume that, in a simple case of 
overhang, they are represented by the formala, — 



Rule 83. 






where W is maximum load on pin, in lbs. ; / the greatest permissible 
strain on the material in lbs. per square inch (for which see nage 95) ; 
I length in inches from mid-length of crank-pin to mid-length of 
bearing ; and 2, for a circular section, is '0982 D^. 

Where the crank has two arms, and is supported by a bearing on 
each side, the formula may be taken as, — 

Rule 84. W--§^, 

I being the distance, in inches, between the centres of the two 
bearing. 

Equivalent twisting moment. —When a shaft is subject to 
simultaneous twisting and bending, the combined stress on any 
section of it may be measured by calculating what is called the 

! 



' Q^ 



-A 



FlO. 19. 



BQUIVALENT TWISTING MOMXNT. 
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equivalent twisting moment ; that is, the two stresBes may be so 
combined as to be treated as one twisting stress only, and the size 
of the slttft odcnlated accordingly. The formula for combining tiie 
stresses is, — 

RnleSs Ti-M+Vm^+T* 

where T:is the twisting moment; M the bending moment at any 
section ; and T^ the eqmvalent twisting moment. 

The shearing stresses on crank-shafts are relatively small, and are 
usually allowed for in the valae assumed for /or F. 

Cnnre of twisting: moments.— The twisting moment, at any 
position of the crank, may be determined graphically as on Fig. 19. 

Let AB (Fig. 19) be the centre line of the engine, through the 
cylinder and shaft centres, AC the position of the crank, BO the 
connecting rod, and AD a line at right angles to AB. Produce BC 
to cut the line AD. Then, if P be the effective pressure on the 
listen, when the crank is in position AC, the twisting moment is 

xAD. 

Let the twisting moment be determined at intervals of say 10^ of 
angular movement of the crank, so that there will be 18 values 
obtained for the half revolution. Draw a line AB (Fig. 20), and 

e 



t 



i 



A a, at a« 



i i I i i i 



i ! 



± 



-L 



FlG. 20. 



divide it into 18 equal parts, Aa^, a^Oj, &c. ; erect perpendiculars 
at these points, and cut off parts a^^i, aJb^i &c., representing to 
scale the 18 vaiues obtained ; and through the points Jj, Jgi &C'» 
draw a curve, which will be the curve of twisting strain on the shaft 
during one stroke of the piston. By prolonging AB, and going 
through a similar operation for the second half of the revolution, the 
curve of strain during the return stroke may be obtained. 

If the area enclosed by the curve and the line AB be divided by the 
length of AB, the quotient (AM in Fig. 20) is the mean twisting 
moment. The value of AM may be calculated by taking a mean of 
the values of Oi&i, a,&a, &c Where there are two or more pistone 
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acting on the same shaft, the curve of combined twisting moments 
is obtained by laying off the ordinates of the second piston, or crank, 
above or beyond the first curve, which is used as the base line, and 
so on, care being taken to step, or displace, the various curves in 
the direction AB, by an amount due to the angles between, the 
cranks. 

. The polar form of this diagram, which is preferred by some 
en^neers, is obtained by laying off the ordinates of the various curves 
radially frdm a circle which represents the crank path, instead of from 
a straight line representing the stroke of piston. ^ 

The effective pressures on the pistons at each point are obtained 
from the indicator diagrams in the manner explained on page 8. 

The bending moment on a section of the shaft will vary exactly 
with the pressure on the crank-pin, and to find the maximum 
equivalent twisting moment on a section, it is only nece ssary t o 
construct a secondary curve from the formula Ti=M + \/M^^+T^> 
between the point of maximum twisting and that at which the pressure 
on the piston is greatest. 

When steam is not cut off in the cylinder before *4 of the stroke, 
the maximum load on the piston may be used to calculate the bending 
moment which is to be combined with the maximum twisting 
moment. 

Effect of Inertia of Reciprocating parts.— The attention of 
practical engineers was first drawn to this very interesting subject by 
Mr Arthur Rigg, in his ''Treatise on' the Steam Engine,' and it has 
since been treated by various other writers. So far as ordinary 
marine machinery is concerned (and this term may be taken to 
include the hi^h-speed machinery of Torpedo Gun-Boats), the general 
effect of this inertia is to equalise the action of the crank in tiie 
same manner as a fly-wheel, — the energy expended in accelerating the 
reciprocating parts during the early part of the stroke being given out 
again during the latter part, when the steam pressure is lower. When 
a curve of twisting moments is constructed as described above, and 
corrected for the effects of inertia, it will generally be found to show 
that by far the greater part of the steam pressure at the commence- 
ment of the stroke is absorbed in producing acceleration, and that 
the remaining effective, pressure is but a very small fraction of the 
whole. 

It is not necessary, however, to take these effects into consideration 
when proportioning the various parts of an engine, since calculations 
based on the statical stresses will quite cover idl that is necessary to 
provide for dynamical stresses. 

Surfaces of Crank-pins and Main Bearings.— If the effective 
bearing surfaces of pins and journals be considered as equal to 
diameter multiplied by length, then, the pressures per square inch 
should not exceed those given in the following Table : — 
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Table XL.— Prettiires on Cnutk-fuiis and Main Bearings. 



Crank-pin Screw engine may carry 400 to 500 lbs. per square inch. 
Main bearing do. do. 800 to 400 do. 

Crank-pin Paddle engine do. 800 to 900 do. 

Main bearing do. do. 500 to 60a do. 



The preasnrea referred to in the above Table are those resulting fVom 
the maximum effectiye loads on the pistons. 

The main bearings of modem Naval engines (snrfaces calculated as 
described above) are not usually loaded to more than about 275 lbs. 
per square inch (Rule 86), but the surface is reduced by recessing the 
brasses at the aides, so as to keep them clear of the shaft for one-third 
of its diameter at each side. The crank-pins, on the other hand, are 
loaded rather more heavily than Table allows, viz., — to about 650 lbs. 
per square inch (Rule 87), and this is further increased by recessing 
the brasses similarly to those of the main bearings. 

Crankshafts of Screw Engines. 

Where a shaft has two, three, or more cranks in it, the after cranks 
have not only to resist the stresses imposed by their own cylinders, 
but have also to transmit the twisting stresses produced by all 
cylinders forward of them, so that, — ^were it not for practical 
reasons, — the sizes of crank-arms, journals, and pins, might be 
progressively reduced from after to forward end of shaft 

On the forward journal and forward arm of forward crank, there is 
little more twisting stress than is necessary to drive the forward 
eccentrics (if any), and the bending stresses are those due to half the 
load on the pin ; whilst the after arm of the same crank, and the 
journal adjoining it, are subject to similar bending stress, and to 
nearly tbe whole of tiie twisting stress due to the load. 

If the bending moment in either journal be expressed by -5-1 then, 

the equivalent twisting moment in after journal will be,— according 
to formula given on page 99 (Rule 85), — 



Ti- 



h vm--- 



Coming now to the aftermost crank, — ^if T3 be the maximum total 
twisting moment produced by all cylinders forward of it; T3 the 
maximum twisting moment from its own cylinder; and M, the 
corresponding bending moment ; then, for the forward journal, the 

twisting moment is T2, and the bending moment -^, so that tbe 

2 

equivalent twisting moment is, — 



•^-t- ^/©'^^' 
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whilst, on the after journal, the twisting moment is Tg+Ts^and the 

bending moment -^, so that the equivalent twisting moment is, — 
2 



'^•-T^- ^/{f)'^<^'^''*^'■ 



The maximum bending moment, acting in a plane perpendicular to 
the axis of the shaft, at any section of the aftermost crank-arm, 
distant x from the crank-pin centre is, — 

Mg — ^j^xx, 

and for the forward arm of the same crank, — 

T 

where L is the length of the crank in inches. 

The bending moment at the mid-length of the pin of a solid or 
rigidly built-up shaft is, — 



M«- 



RxL 



where R is the load on pin, and L the distance between the centres of 
the main bearings on either side, — ^the shaft being considered as 
a continuous gu'der supported at the centres of the bearings. 

In marine crankshafts, where the crank-arms are not less than '7 of 
the diameter in thickness, and where the bearings are close to 
the crank-arms, there is really little or no bending action at the 
journals. 

At and near the ends of the 
stroke the crank-arms are sub- 
jected to a bending strain which 
acts in the plane of the axis of 
the shaft and has a magnitude, — 

■mr Rx Li 

Mr ff,. 

where L^ is the distance from the 
mid-length of pin to the fore-and- 
aft centre of the arm (Fig 21). 
Hence the thickness (a) of the 
forwai-d arm of forward crank _ 
must never be less than, — ^ 



a- /SRjiLi 



46/ 




Fig. 21. 
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In ordinary practice, however, to secure interchangeability, the 
cranksfaafiB of merchant steamers are made with all joarnals of the 
same diameter, and all crank-arms of the same dimensions ; but in 
light machineiy for Naval parnoses the forward crank-arms are some- 
times reduced in fore-and-ah thickness. 

Crank-arms, when forged solid with the shaft, will be found to 
satis&ctorily resist all stresses to which they are subject, if made of 
the following proportions : — 

Role 88. Breadth of ann - 1 '1 x Diameter of shaft. 

Rule 88ft. Thickness of ann - 75 x Diameter of shaft. 

When for any reason it is not possible to make the arms so thick as 
'75 X diameter of shaft, they may be made as thin as *7, or even, in 
special cases, *65 ; but when this is done, care must be taken to make 
the breadth such that, — 

The most destructive of all stresses to crankshafts are, however, 
those resulting firom the main bearing getting out of line, and the 
levels of these should therefore be venfied every few months, and the 
shaft lifted and re-bedded whenever any unequal wear is apparent 

When crank-pins and shaft journals are designed for the pressures 
given in Table XL., page 101, they will be found to have alK>ut the 
following proportions : — 

Role 8;^ 

Diameter of crank-pin -1 xdiam. of shaft. 

Rnle 89a. 
Length of crank-pin (two crank compound) . — 1 to 1 *5 x do. 

Rule 89b. 
Length of crank-pin (three crank triple) . » 1 to 1 '25 x do. 

Role 89c. 
Length of fnain bearing (two crank compound) « 1*1 to 1*3 x do. 

Rnle 89d. 
Length of main bearing (three crank triple) - '8 to 1 '1 x do. 

In high-speed Naval engines the bearings and crank-pins are often 
made longer than this, but the power transmitted through a given 
crankshaft, when forced draught is in use, is frequently 50 per cent, 
more than is usual in the merchant marine ; in other words, — what is 
taken from the diameter of the journal is added to the length. 

To ensure equal wear in the main bearings, they shoiud, theor 



104 CRANKSHAFTS IN GENERAL. 

cally, increase in length from forward aft, in proportion to the 
twisting moment at each journal, — as the turning force at the crank- 
pin tends to cause the shaft to move round eccentrically within the 
bearing, and so cause the wear ; and, as a matter of fact, the after 
bearing is found, in practice, to wear more rapidly than the others, and 
should not be cut away at the sides. 

Shaft Couplings and Coupling Bolts.— (Rule 9a) When couplings 
are forged solid with the shaft they should have a thickness of '2^ x 
diameter of shaft. 

Coupling bolts should have little beyond a shearing stress to resist, 
and their size is therefore given by, — 



Rule 91. Area of one bolt= ^ or 



■H^) 



Nxr Nxr 

if the material of the bolts and that of the shaft offer the same resist- 
ance to shearing ; D being diameter of shaft, N number of coupling 
bolts, and r radius at which they are placed. 

By way of making some allowance for screwing-up stresses on small 
bolts, coupling bolts below 134 -inch diameter may be made 20 per 
cent, stronger than given by above rule. 

Where the bolts in any coupling may require to be removed at times, 
they should be made with a taper of about }4"iiich per foot on the 
diameters. 

Rule 92. — It is by no means necessary, in large bolts, to make the 
screwed part equal in diameter to the body of the bolt, and bolts 
between 2% and 3% inches diameter may be reduced %-inch, 
and those above 3% inches, %-inch in diameter. The nuts may 
have a thickness of '75 to '8 x diameter of screw. 

In two, three, and four throw crankshafts, above 10 inches diameter, 
each crank, with its adjacent journals, should be made as a separate 
forging, and the number and position of coupling bolts should be such 
that the shafts can be interchanged or reversed as may be desired. 

When large cranks are coupled together in this way, a spigot on 
each, fitting into a recess in its neighbour, materially assists aidjust- 
ment, and ensures the ** truth" of the shafts when bolted together; 
such spigots may have a diameter of '5 to *7 x diameter of shaft, and a 
length of say %-inch for the projection, and %e-inch for the 



Built Crankshafts. — With a view of obtaining sounder and more 
reliable work, crankshafts over 12 inches diameter are frequently 
built up of separate pieces, as shown in fig. 22 ; but great care is 
required in the construction of such shafts to ensure perfect truth when 
finished, and freedom from internal strain. 

Rule 93. — ^The thickness of the crank-arms is the same as for 
solid cranks, viz., — '75 x diameter of shaft ; and the external radius of 
end of arm should be 1 '8 x radius of hole (into which pin or shaft body 
^ts). The crank-arm is frequently stepped back so as to hav e a thick- 
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ueaa of say *65 at the pin end whilst remaining *75 at the 'shaft end in 
order to get a larger pin. Of course such shafts are considerably 
heavier than solid ones, and are therefore not used in Naval work. 



.[_.. 




Fig. 22. 



Crankshafts of Paddle Engines. 

These may nsaally be classed under one of the following three 

heads: — 

(a) Intermediate shaft type, — ^in which the enter crank-arms are 
keyed upon the paddle shafts, while the inner ones are 
similarly fixed to an intermediate shaft, the crank-pins 
being iixed in the inner crank-arms, and, to a certain 
extent, free in the outer ones, as shown in fig 28. 

{b) The type in which the intermediate shaft and its crank-arms 
are absent, and the crank-pins are fixed in the paddle-shaft 
crank-arms, and left long enough to allow of the attachment 
of a link, or sling, which holds the crank-arms at the 
required angle with one another. 

(c) The solid shaft, — in which the cranks are forged in one with 
the shaft, — as in the case of a screw engine, — and the 
paddle-shafts connected with it by solid flange couplings, a 
little elasticity being obtained by the interposition of a 
thickness of leather, by helical springs on the coupling bolts, 
or by other similar devices. 

The effect of the first arrangement is to communicate very equable 
stresses to the paddle-shafts, as the pressures from the crank-pins are 
always at right-angles to the cranks on the paddle-shafts ; and, in 
nnooth water, the power of each engine is very nearly equally divided 
between the two wheels, and the bending action on each paddle-shaft 
never exceeds half that due to its own cylinder, for, when near the 
dead-points, the bending moment is at its maximum, and is wholly 
taken by the inner crank-arm, to which, the pin is secured. For these 
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reasons the intermediate shaft must be stronger than the paddle-shafts 
when the ship is intended to work in rough water, as it may liave t 
transmit the whole twisting force of one engine, and always takes 
during certain parts of the revolution, the whole bending force fron 
that engine. 

Hence, if T be the maximum twisting moment from one piston of ; 
double cylinder paddle engine, and M the maximum bending momen 
from the same piston, then, — as in the general cai^e (page 99), — th 
maximum equivalent twisting moment T^ will be, — 

Tj (on intermediate shaft) - M + ^yW+T^ 
and Ti (on paddle shafts)- g + v/(-yy+'^- 

Rule 94. — With the second type of shaft (6), the axes of th 
cylinders are necessarily at an angle with one another, but the crank 
are usually so placed that the arrangement is equivalent to one ii 
which the cylinders are in the same plane and the cranks at right 
angles 

Each shaft takes the whole of the bending moment from its owi 
cylinder ; and, — while usually transmitting half the combined twisting 
moment — may, in rough water, have to transmit the whole of th< 
twisting moment of one engine. The inner journals of these shaft 
are therefore subject to precisely the same stresses as the intermediati 
shaft journals in type (a), and should be made of the same size, a: 
indicated in Table XXXIXa., page 97. 

The maximum pull in the coupling link may be taken as bein^ 
equal to that in one connecting-rod, but its ordinary value will onlj 
be one half of this. 

In the third case (that of the solid crank-shaft), the cranks will 
generally be at right-angles, and the twisting stresses will be similai 
to those in the previous cases ; the central part transmitting ordinaril;y 
half the stress from one piston, but occasionally the whole. The 
bending stresses in each crank-arm and journal will be those due to 
lialf the load on one piston, and may be determined by means of the 
.formulae previously given. 

Paddle shafts. — The outer end of each paddle shaft is subjected to 
a bending stress, which is the resultant of the stresses due to the 
weight of the wheel, and to the re-action of the water on the floats, 
and the moment of which (Mj) may be taken as, — 



Ml = V(M of weight)^ + (M of re-action)«. 
The twisting stress at the outer end of a paddle shaft is the same as 
at the inner journal. The outer bearing may have a length of from 
1-5 to 2 X diameter of journal, according to service for which boat is 
intended, and to weight of wheels. 

Overhung cranks. Fig. 23 shows a pair of overhung cranks as 
commonly fitted in paddle wheel engines. The crank-pin is subject 
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bending and shearing stresses due to the thrust on the conneoting- 
od. The maYimum bending stress in the pin is close to the face of 
he crank and is, — 

M-RxZ 
rhere R is the thrust on the connecting-rod, and I the length on pins, 
rem centre of connecting-rod to face of crank. 
The diameter of the pin is given by, — 



Rule 95. Diameter of crank-pin - l/-^- x 10 -2 

rhere/is the jgreatest permissible stress on the material, in lbs. per 
qnare inch. 'Hiis rule gives the diameter requisite for strength, but 
t may be necessary to make the pin larger in order to get sufficient 
torface to comply with Table XL., pace 101. 

The crank-arm is to be treated as a lever, so that,— if a is thickness 

ioeasured parallel to axis of shaft, and b breadth, at a section x inches 

&om the crank-pin, — the bending moment at that section is, — 

M=Rxaj 

ax&» M 

6 "/ 

6M 

or a— =7i — ' 

Rnle 96. The bending moment decreases with the distance from 
the crank-pin, while the shearing stress is the same throughout the 
jerank-arm ; consequently the section near the crank-pin should have 
an extra square inch for each 8000 lbs. of thrust on the connecting-rod, 
beyond the area necessary to resist the bendiug moment 



and. 




Fig. 23. 



108 



ORANKBHAFTS IN QBXERAL. 



The dimensions of the boss to receive the shaft may be determined 
from,— 

Rule 97. T-2R^^^ 

where T is the total stress on the section h x e, and the other letter 
have the meanings shown in Fig. 23. The length h is usually -75 t< 
1 X Diameter of snaft, (Rule 98.) and, — when crank and shaft are 
the same material, — h and e may have the following relative values :- 

When h^ D then e = 'SSD. 
„ A,- -90 „ C--38D. 
„ A=-8D „ e='40D. 
„ h^'ID „ «=-41D. 

The crank-eye, or boss into which the crank-pin is fitted, shoul 
bear the same relation to the pin that the shaft boss does to the shaft. 

The diameter of the shaft end, on which the crank is fitted, shoulj 
be 1 •! X diameter of journal. 

Keys for Cranks, etc. These should be made of steel seven 
grades harder than the shaft and crank, and should be of the followii] 
proportions i-^ 

Rule 99. Breadth, of Key - ^ + 'ISS. 

Rule 99a. Thickness of Key » *5 x Breadth. 

Depth of key-way in shaft, at edge, 
should be '17 x Breadth. Some en- 
gineers use two (smaller) keys placed 
90* apart, in order to obtain at least 
three bearing points on shaft, and so 
avoid all risk of "rocking" ; and large 
shafts are sometimes fitted with three 
keys. Where a lever is placed at some 
distance from the end of a shaft, so that 
the key cannot be fitted and driven from 
the end, it is a good plan to fit a small 
driving key alongside of the sunk key, 
as shown in Fig. 24. 




Fig. 24. 



Tail Shafts of Screw Engines. 

These must be strong enough to resist the bending stresses arisir 
from the weight of the propeller, and from its action when partialj 
immersed, in addition to the twisting stress. The former can < 
course be readily determined by the rules already given for bend is 
strains on crankshafts, but the calculation of the stresses resoltdn 
from ''racing" of the propeller is too complex a subject to enter c 
here. Expenence has shown, however, that the tail shaft should hai 
a diameter not less than that of the crank-shaft ; and it is not at a 
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uncommon now to make them 10 per cent, stronger than the crank- 
shaft, — since the breakage of one may inyolve sach seriona conse- 
quences. 

Rule zoa — The taper of the end that fits into the propeller boss 
should not be less than %-inch per foot, and may, with advantage, 
he a little steeper, — say 1 inch per foot, %,€,, for every foot of length in 
the tapered portion the diameter wHl alter 1 inch. 

The thread of the large nnt t^t holds the propeller on the shaft 
is commonly made 2% uireads per inch, rej^anlless of the diameter ; 
it should be left-handed when the propeller is right-handed, and vice- 
versd. The nat shoald be securely locked, preferably by a plate fixed 
to the after end of the boss by tap screws. 

The propeller should be securea by one feather or key extending the 
whole length of the boss, the proportions of which may be, — 

Rule zoz.— Breadth of key- '22 x largest diameter of shaft + *25. 
Rnle zoza.— Thickness of key- 55 x breadth. 

The diameter of the screwed end of the shaft should be sufficiently 
reduced to allow of the key being fitted in, from the after end, clear 
of the thread. 

The diameters over the brass casings at the bearings should differ by 
^-incb., to enable the shaft to be got in and out of the stem-tu1>e 
more easily. The thickness of brass casing should not be less than, — 

Rule X02.— Thickness of brass casing at bearings- '055Di -f- *15 
where D^ is the diameter of the shaft at the bearing, under the 
casing. 

See Table XLIV., page 118. 

Board of Trade Regulations as regards Shafting. 

Main, tunnel, propeller, and paddle shafts should not be passed if 
less in diameter thtoi that found by the following formulae, without 
previously submittinff the whole case to the Board of Trade for their 
consideration. It wul be found that first-class makers generally put 
in larger shafts than those obtained by the formulae. 

When shafts are proposed to be fitted whose diameters are less than 
6 inches, the case snould be submitted for consideration. 

For compound condensing engines with two or more cylinders, when 
the cranks are not overhung : — 
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Where S» diameter of sliaft in inches. 

eP= square of diameter of H.P. cylinder, in inches ; or sun 
of squares of diameters when there are two or mor 
H.P. cylinders. 
D2= square of diameter of L.P. cylinder, in inches ; or sun 
of squareiB of diameters when there are two or moi 
L. P. cylinders. 
'P'^ahsolute pressure in lbs. per square inch,— that is, boile 

pressure plus 15 Ihs. 
C = length of crank in inches. 
/-"Constant from following table. 
Note, — Intermediate pressure cylinders do not appear in th 
formulae. 

For ordinary condensing engines, with one, two, or more cylinden 
when the cranks are not overhung :-t- 
g a/C>rp^D2 



■:!' 



3x/ 



p 3x/xS8 
" CxD2 

Where D^ is square of diameter of cylinder in inches;; or sum < 
squares of diameters when there are two or more cylinders ; and otb 
letters have same meanings as above. 

Table XLI.-^Constants for Shafts. 



For two Cranks. 

Angle 
between Cranks. 



90'' 
100° 
110° 
120° 
130° 
140° 
150° 
160° 
170° 
180° 



For Crank and 
FropeUer (taU) Shafts. 

/ 



For paddle engines 
of the direct act- 
ing type' multiply 
constant in this 
column . suitable 
for angle of cranks 
by 1-4. 



1,047 
966 
904 
855 
817 
788 
766 
751 
743 
740 



For 
Tunnel Shafts. 

/ 



1,221 
1,128 
1,065 
997 
953 
919 
894 
877 
867 
864 



For three Cranks. 
120° 



1,110 



1,295 



Note.— When there is only one crank, the constants applicable a 
• those in the Table, opposite 180°. 



Lloyd's bulbs with bigabd to shafting. 
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Lloyd's Rnles with regard to Shaftiiis:. 

The diameters of crank and straight shafts are to be not less t^ant' 
jiose given by the following forronlse : — 

Table XLI I.— Diameters of Shafts. 



Descriptkii of Engine. 



Compound — ^Two "J 

cranks at right V 

angles . . I 
Tri^e — Three 

cranks at equal - 

angles 
Qoadiuple — Two 

cranks at right - 

angles . 
Do. —Three ] 

cranks . . J 
Do. — Fourl 

cranks . . J 



Diameter of Crank Shaft in inches. 



(•04A+ -0060 + -028) x ^P. 

(•038A+ -0098+ -0020+ -01658) x </P7 

( OZAA + -OllB + -0040 + '001 4D + -0168) x ^ 
(•028A+ -0143+ -0060+ '00170+ '0158) x {/T, 
(•033A+ -013+ -0040+ 'OOISD + -01658) x ^Y. 



Where A is diameter of H.P. cylinder in inches. 

B do. first I. P. cylinder in inches. 

C do. second LP. do. 

D do. L.P. do. 

S stroke of pistons in inches. 

F boiler pressure above atmosphere in lbs. per square 
inch. 
The screw (tail) shaft to be the same diameter as is required for the' 
dank shaft. 

Intermediate (tunnel) shafting should be at least ^Jths of the 
^meter required for the crank snaft 

Wherfe engines are of extreme proportions the case should be 
tpeciallj submitted to be dealt with on its merits. 

36. All shafts to be examined when rough turned and when 
finished. 

37. Gaines, of an improved description for testing the truth of 
crank shafte are to be supplied with all new engines, and adjusted in 
Ibe presence of a Surveyor. 

THRUST BLOCKS. 

To find the thrust' along the shaft of a screw engine, it is necessary 
to know the speed of the ship, and the effective horse power. 
The efifective horse power is the power actually employed in propel- 
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ling the ship, and its relation to the indicated horse-power depends od 
the combined efficiency of the engines and propeller. 

For the purpose of calculating the surface of thrust collars it is 
sufficient to assume that E.H.P. is equal to two-thirds I.H.F. 

Then,— 

«• • .. . ..^ . I.H.P.X 83,000 I.H.P.X826 
Rule 103. Indicated Thrust- — g^^^Q^.g — g » 

where S is the speed of the ship in knots ; and, — 

Rule 104. Mean Normia Thn^t-^-^'^- "" 22,000_ I.H.P x 217. 

As the thrust varies with the I.H.P., and inversely with the speed 
{see Table XLIII.), it may rise considerably above the "mean normal** 
value, if, from any cause, the speed is reduced without a corresponding 
decrease in the power, as, for instance, when ** thrashing " against 4 
head wind and sea, or when towing, and allowance must be made foij 
such temporary increases. 

Rule 105. The pressure per square inch, due to the mean normal 
thrust, should never exceed 70 lbs. ; and, for tug boats and vesseU 
speciidly exposed to severe weather, it should not exceed 50 lbs. 

In ordinary practice the pressure is about 50 lbs. per square inch ir 
Naval work, and about 40 lbs. per square inch in mercantile steamersj 
but when white metal is used these loads may be safely increased bj 
25 per cent. 

For shafts of " mild " steel, as now generally used, gun-metal doe? 
not make a satisfactory rubbing surrace, and white metal should 
always be employed. 

The relation between depth and thickness of collars on shafi 
is given by, — 

Rule X06. Thickness = '25 {I>-d) + -4 inch, 

where D is diameter over collars, and d diameter between collars,— 
both in inches. 
The spaces between collars on shaft should be as follows :— 
Rule ZO7. When rings in block are solid \ 

gun metal, as shown in >- Space— '4 (D-(Q. 
fig. 25. J 

Rule lOTa. When block is fitted with^v 

cast-iron or cast steeP'horse I 

-shoes" faced with brass5-Space-*2V(B-rf)-l*5! 
or white metal, as shown in I 
fig. 26. J 

Rule zo/b. When rings are cut out of | 
solid metal of block and! 

cap, and entire corrugated I c»^.^^ ,a/t\ j\ . .» • 
suSace is covered '^thf Sp«ce--4(D-d)+-6in 

uniform layer of white- 1 
metal, as shown in fig. 27. J 
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Fig. 26.— Thrust Block (Type 2). 
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Fig. 27.— Thrust Block (Type 3). 

Rule xo8. The number of collars employed is, to some extent, 
optional with the designer, but is commonly '8 to '9 x diameter of shafi 
in inches, for types 1 and 3, and a good approximate rule for type (2] 



THRUST BLOCKS. 115 

is,— <me collar for shafts np to 6 inches diameter, and an additional 
one for every 2 inches of diameter beyond. 
As in all other bearings, eood working depends almost entirely on good 



labrication, and the satisfictory resolts obtained with blocks of type 
(2) are nndoabtedly mainly due to the oil-bath in which the collars 
ran ; but this type of block has the great disadvantage of requiring very 
deep collars, to form which it is necessary to cut very deeply into the 
forging (as moch as 6 to 7 inches a side in the shaft of a large liner), 
thus leaving only what is, in very many cases, decidedly the inferior 
portion of we forging to take all the twisting stress. 

To meet this oojection, Mr Rounthwaite has designed the block 
shown in fig. 27, which has the following important advantages over 
those hitherto nised : — 

(a) The most reliable portion of the shaft forging is not cnt away 

as in ^pe (2). 
{b) Tlie shaft may be ran entirely snbmerged in oil, if so wished. 
{e) The shaft can be stripped bare for examination in a few 
minntes, and the block, if injured in any way, can be 
removed and replaced without disconnecting and lifting the 
thrust-shaft. 
{d) There is no risk of injury to the block or shaft by meddlesome 
or careless interference with the adjustment of the '* horse- 
shoes '* as in type (2). 
{e) Satisfactory results can be obtained with less weight and bulk 
of block than with any other type. 
There should always be an ordinary plummer block close to the 
throst block, to take the weight of the shaft, and prevent vibration, and 
so ensure an even and steady pressure over the whole surface of the 
collars. In Naval work this plnmmer-block and the thrust-block are 
frequently parts of the same casting. 

In order to facilitate the examination of the thrust-blocks of large 
engines, when type (3) is not adopted, the .thrust collars should be 
placed upon a sposial short length of shafting which can be got out 
with eomparative ease. 

Large blocks of types (1) and (3) are much improved by having 
hollow caps and bodies, and arrangements for keeping up a continuous 
circulation of water through them. 

Thrust blocks of all types should be carefully scraped and bedded to 
a perfect bearing on the shaft before leaving the workshops. 

Rule Z09. The number and diameter of cap bolts for type (1) 
should be such that the shearing stress per square inch, at the bottom 
of the thread, due to the mean normal thrust, may be between 5000 
and 6000 lbs. when the bolts are assisted by spigot pieces of usual 
proportions. 

The sizes of bolts usually employed vary from 1 inch to 1^ inch. 

Role zio. The number and diameter of holding down bolts should 
he such that the shearing stress per square inch, at the bottom of threar^ 



116 



THRUST BLOCKS. 



due to the mean normal thrust, may be between 1800 and 2200 lbs., when 
the bolts are unassisted by stops or angle bars riveted to the top plate 
of the seating, and between 3200 and 3800 lbs. when such stops are 
fitted. Stops should always be fitted where possible, as, when they 
are absent, the stress on the bolts Is largely a bending stress, owing to 
the unavoidable presence of a certain thickness of packing. 

The sizes of bolts usually employed vary from % inch to 1^ inch. 

Packing should be of east-iron, not of wood. 

Table XLI II.— Thrust Surfaces per I.H.P. for Various 
Speeds of Vessel. 



Speed 

in 
knots. 


Surface 
Deceasary 

to keep 
pressure 
50 lbs. per 
sq. indi. 


Speed 

in 
knots. 


Surface 
necessary 

to keep 

pressure 
50 lbs. per 

sq. inch. 


Speed 

in. 
knots. 


Surface 

to keep 

pressure 

50 lbs. per 


Speed 

in 
knots. 


Surface 
necessary 

to keep 

presgure 
50 ibs. per 

sq. inch. 


8 

9 

10 

11 


Sq. inch. 
•64 
•48 
•43 
•39 


12 
13 
14 
15 


Sq. inch. 
•36 
•33 
•31 
•29 


16 
17 
18 
19 


Sq. inch. 

.•27 

•26 

•24 

•23 


20 
21 
22 
23 


Sq. inch. 
•21 
•21 
•21 
•19 



STERN-TUBES. 

In merchant vessels the stem-tube is almost invariably of cast-iron 
fitted with a brass bush, or bushes, to carry the lignnm-vitsB strip 
which form the actual bearing surface for the shaft. 

In Naval vessels, on the contrary, the stern-tube is always of gun 
metal, and the bushes are not required, as the lignum-vitse strips an 
fitted into grooves in the tube itsel£ 

In twin-screw Naval vessels the shaft brackets are fitted with gan 
metal bushes, carrying strips of lignum- vita, — very similar to tho» 
used for the after ends of stem-tubes in merchant vessels ; and thi 
forward ends of the stem-tubes are also fitted with long lignum-vit^ 
bearings, for the purpose of reducing vibration in the unsupporte< 
outboard shafts. Some foreign warships have been fitted with i 
second or intermediate shaft bracket to more efiectually perform th 
same office. 

The stern-tubes of merchant vessels should be secured in place by i 
ring nut on the after end, made to screw up against the after face o 
the stem-post and draw the tube aft until a collar, formed on it, i 
close up to forward side of post ; the forward end of tube being, a 
course, jointed to the collision bulkhead in the usual manner. | 

Naval stem-tubes do not requiie any fixing at the after end, as the] 
are always surrounded by steel tubes, ^ to %-inch tiuck, which ^ 
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the collision bulkhead to the poet, or, in the case of twin-screw ships, to 
the spedal stem-tube brackets ; they are simply drawn tightly into 
the post, or brackets, and bolted to tne bulkhead at the forward end. 
When, as occasionaUy happens, they are put in from the after end, the 
flange at the stuffing box end is made separately and screwed on. 
Cast-iron stem-tiH)es should be of the thickness given byj — 

Rnlcm. T-J5 + -6, 

12 

and gun-metal tubes and bushes for shaft-brackets by, — 

Rolezzia. T-^+-86, 

where D is the greatest diameter of shaft, over casings. (See Table 
XLIV., page 118.) 

The stem-bush, for either shaft-bracket or stem-tube, should be of 
snch length that the pressure per square inch (taking surface as 
length X mameter) does not ezceea 50 lbs., and a good rule is, — 

Role ZI2. Lengthofbttsh-S to 3*5 X diameter of shaft, 

where " diameter of shaft " is again greatest diameter over casings. 

This rule will be found to limit the pressure to about 80 lbs. 
per square inch. 

In Naval twin-screw vessels the bush at after end of stem-tube u 
generally three diameters in length. 

Rule zzj. — ^The bush at forward end of stem-tube should not be 
shorter than one diameter for single screw vessels, and, for twin-screw 
Tessels, where there is a length of unsupported shaft outside the 
stem-tube, the length of this bush should not be less than 1 '5 to 
1*75 X diameter of shaft. 

These bushes in stem-tubes should have a thickness of metal at the 
back of the lignum- vitae not less than, — 

Rnlezz4. Ti-^ + -26, 

where D is diameter of shaft over casing. 

The ribs between the lignum-vitse strips may have a thickness of 
^•inch for a shaft 6 to 8 inches in diameter, increasing to %-inch for 
a shaft of 18 inches diameter. 

The lignum- vitse strips themselves may vary from ^-iuch x 2 inches 
to 1 or 1^-inch x i inches, for shafts of the diameters just mentioned. 

The stuffing-box and gland at the inner end of stem- tube may have 
the following proportions : — 

Rulezzs. 

Depth of stuffiag-box - ^+1'^- 
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Rule zz5a. 
Amount gland can enter 
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5+1. 



Rule zz5b. 
Diameter of stufifing-box « (1 *1 x D) + 1 '5 for bushed glands. 

Rule zz5c. 
Diameter of stufiGng-box = (1 '06 x D) + 1 *5 for solid G. M. glands. 

The gland studs may vary from four, 1 inch in diameter, for a shaft 
of 6 to 8 inches diameter, up to eight, 1^ inch diameter, for a 16 or 18 
inch shaft. If pinion nuts and toothed rings are used, the gland studs 
must, of course, be made stouter to stand the bending stresses, and 
should then vary from 1%-inch to 154 -inch. 

The following Table shows at a glance the thicknesses of shaft casings, 
stern-tubes, and stem bushes, and the dimensions of stem-tube 
stuffing-boxes, as calcul?,ted by Rules 102, 111, 114, and 115 : — 

Table XLIV.— Stern-Tubes and Bushes, etc. 
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casing. 
(Dl> 


tube. 
D 


bracket 
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19 


7 


8 
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% 


V2 


5% 


2% 


10/4 


10 


8 


^y. 


1/4 


% 


Vx. 


6 


2% 


11% 


11% 


9 


lO^^t 


1% 


^'/i. 


98 


6% 


3 


12% 


12% 


10 


n% 


iVie 


% 


"/i. 


7% 


3^ 


14 


13% 
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% 
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16 


13 
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% 
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14 
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4% 


19 
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15 


17 
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16 


18 
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11% 
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23 


19 
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12/8 


5% 


25 


24% 


20 
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1% 


IVxe 


12% 


5% 


26/4 


25?^ 



In designing gun-metal stern-tubes, sbaft casings, &c., great care 
must be taken to avoid, as far as possible, all sboulders or steps in the 
longitudinal section, as the castings set so rapidly, and consequently 
grip the core so quickly, that everything tencung to hinder the longi- 
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tudinal contraction is a source of danger ; want of attention to this 
will probably cause a long tube to be torn into two or three separate 
pieces in cooling. The middle portions of Naval stem-tubes are 
commonly made about 30 per cent, thinner than the ends* or portions 
containing the bearings. 



MAIN BEARINGS. 

The sarfacea and lengths of main bearings have already been dtoli 
with on PBges 101 and 103. 

Main jBearing Bolts.— These should be of '' mild " steeli with iron 
nuts, and, to allow for variations in adjustment, &c., should be pro* 
portioned as follows : — 

Rule zz6. When there are two main bearings to each crank, and 
two bolts to each cap, — ^assume that each bolt must carry one l^rd of 
maximum effective mad on piston, and select the proper diameter from 
Table XXXI., page 73. 

Rule zz6a. — ^When there are two bearings to each crank, but four 
bolts to each cap, — assume that each bolt must carry one fifth of maxi- 
mnm effective load on piston, and select diameter from same Table. 

Rule zz6b.— Where there is only one long bearing with four cap 
bolts, between two cranks of a triple engine (cranks at 120°), — assume 
that each bolt must carry one fourth of maximum effective load on 
piston, and select diameter as before. 

Rule zz6c. — ^When the crank is overhung, as in various types of 
paddle-engine, and the whole thrust of the piston-rod, at the ends of 
the stroke, is resisted by two cap bolts, — call the thrust P ; the 
distance from centre of piston-rod to centre of main bearing bolts pw ; 
and the distance from centre of piston-rod to centre of outer bearing 
(in case of paddle-shaft), or of bearing at other end (in case of inter- 
mediate shaft) ^. Then (fig. 26),— 
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Fig. 28. 
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Stress on main bearing boIts= P x^ 

and each bolt must carry one half of this. 

Rule Ii6d. When the conditions are similar to (c), but there are 
four bolts in each cap,— assume that each bolt must caiw one third of 
total load on cap, and select suitable diameter from Table XXXI., 
page 73. 

In cases (c) and (d) the stresses on the main beaiing bolts due to the 
weight and re-action of the wheels should be calculated on the 
principle indicated above, and allowed for if necessary ; their magni- 
tude of course depends very greatly on the length of the paddle shaft 

Main Bearing Caps or Keeps.— In order to allow for variations 
in adjustment, either unnoticed or such as occur when a beaiing 
warms up and has to be slacked, the loads on main bearing caps may 
be assumed to be as follows : — 

Rule 1x7. 
Two bearings to each crank (oases 116 and 116a) 

. % X max. effect, load on piston. 

Rule zzTa. 
One long bearing between two cranks (case 116b) . . 
% X max. effect load on piston. 

Rule zi7b. 
One bearing to each crank (cases 116c and d) .... 

^^x max, effect load on piston. 

wf 

The load on a main bearing cap is neither a single central load, nor 
is it a uniformly distributed load, though probably nearer the latter 
than the former. If suitable values for the working stresses are 
employed, the most generally convenient formula is that for a beam 
supported at ends, and uniformly loaded, viz. : — 

Rule 118. *^"^^ 

where t^-load in lbs. per inch of span (Z) ; 

7= span, or distance from centre of cap bolt to centre of 
cap bolt ; 

g^Modulus ofsection('^^'^"*^^^\^^"P^^' for a rectangular 

\ 6 , . ^ 

section ; for other sections see Table of beam sections I ; 
and/ has the following values : — 

f Cast-iron .... 2,500 
Flat-backed brasses and caps^ Wrought iron or " mild" steel 9,000 

(Cast steel. . . . 10,000 



KAIN BBABINCHS. 121 

r Cast-iron .... 3,000 
Half round bmneo and capt ■{ Wrought iron or " mild" steel 10,000 

iCast-steel .... 11,000 

When the caps are made of cast steel the section at the centre may, 
with advantage, be made to approximate to that of a "channel" bar 
by employing two deep external ribs ; bat in this case the value of / 
most not exceed 6000 (Rule 1x9). The values given above for cast 
steel are no doubt rather low, but there is, — in the present state of 
the manufacture, — always some risk of unsoundness, blow-holes, &c 

In estimating the breadths of caps care should be taken to deduct 
the breadths, or diameters, of all hand holes, oil holes, &c. 

Main Bearing Brasses. — For small engines, auxiliary engines, &c., 
the inner or under brass may be of a semi-octagonal form, and the 
outer or upper one flat on the back ; but in larger engines the under 
brass at least should be of the ** half-round" type, and, when the framing 
can be arranged to allow of it, it is both cheaper and better to make 
the upper one " half-round " also. 

Although brasses of good gun-metal will give excellent results, when 
properly designed and looked after, less risk and trouble will be 
incurred if white metal is used for the rubbing surfaces. 

The overall thickness of the brasses {i.e, the thickness including 
white metal) should be as follows : — 

Rule 120. FUit-l>acked brasses Thickness - ^ + *3-inch. 

9 

Rule laoa. Round brasses . . Thickness-— +*25-inch. 

Rule 120b. White metal . . . Thickness^ 02 D+ '125 im^h. 

where D is diameter of journal in inches. 

The recesses in the brasses should be carefully tinned before the 
white metal. is run in, and the practice of hammering the white metal 
to consolidate it should be avoided. 

When no white metal is used the thickness of brass at crown 
should be, — 



Rule 121. 
Thickness of brass (when no white metal) « 



^^+»15whenflat- 
10 backed, 

~+ -12 when 
Al round. 



Rule 122. Brasses should never overhang the frames or caps by 
more than "thickness of brass," as given by above rules, at each end. 

See Table XXXVIII., page 94, for the proportions given by the 
»bove rules. 

The tendency of brasses to close, after being warm, and grip the 



122 



MAIN BEARINGS. 



shaft, shoald be provided against )Bither by securing them to the 
frames by screws or bolts, or, a simpler and better way, by H section 
liner strips fitted as shown in fig. 29. / 




Fig. 29.— Crank Shaft Bearing. 

In large main bearings it is very useful to have the lock-rings of t| 
nuts grsduated, in order that, after being slacked back, the nuts mi 
be returned exactly to the old positions. i 



FRAMINGS. 

The section of the girder that carries the main bearing is i 
either of tiie ** H " or "box" type. For small engines either 1 
H or open bottom box is the best type, and for large engines the 1 
— if the frame is of cast-iron, — or the H, — if cast-steel is Used. 

In the case of vertical screw engines for Naval purposes this (^ 
is sometimes cut down to the very slenderest proportions, so far as I 
engine builder is concerned, and is built of steel plates and angles f 
part of the engine seating. In oscillating paddle engines, on the c\ 
hand, the girder receives no support from any seating, and musIT 
strong enough to deal with all stresses communicated to it fromj 
bearing. Between these two extremes almost every possible in 
mediate case is found in practice, and the designer must meet then 
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using one or other of the general formulse for girders, and most use his 
jadgment in deciding what co-efficients best express the conditions of 
loa£ng, supporting or fixing, &c., — not forgetting that the material is 
sabject to alternate tensile and compressive strains. 

Rule I25» In the worst case (that of the oscillating paddle engine) 
the girder should be taken as supplied only, and the load considered 
as a single central one, and the values of / may be 8000 for cast-iron, 
and 8000 for cast-steel.- In this particular example there are 
frequently other stresses,— due to the unsymmetrical positions of the 
columns or pillars with regard to the bearings, — which must also be 
allowed for. 

In vertical screw engines there are stresses on these girders com- 
municated from the columns, and due to the thrusts on the euides, and 
also to the weight of the cylinders, &c., when the ship is rolling. 

In paddle-wheel vessels there are also (as previously mentioned) 
stresses due to the weights and re-actions of the wheels, &c., &c. ; but 
it is quite impossible to investigate each case separately here, and 
these few hints must suffice. 

Very valuable additional strength and stiffness may sometimes be 
obtained by using a forged or . cast steel cap with lips at the ends 
which prevent the springing opn of the gap containing the brasses, 
or, spigots or projections may be used whicn will prevent it either 
opening or closing. 



COLUMNS. 

The tensile stresses on the material of columns, and also on the 
bolts connecting them to the cylinders have been dealt with under the 
heading "Column feet and Bolts," page 67 ; but in vertical engines 
there are also bending stresses due to the thrusts on the guides, and 
to the weight of the cylinders, pistons, valves, rods, &c., when the 
ship is rolling. These may all be dealt with by means of the formula 
for a beam fixed at one end and loaded at the other, viz. : — 

and need not therefore be considered in detail here. 

Where the guide is on one columu only (port or starboard) the other 
may be consioered as taking half the thrust on the guide, because the 
two are so tied together by the cylinder as to constitute one frame. 

The bolts attaching the column feet to the bedplate or frame must 
of course be strong enough to carry the direct tensile stress, plus the 
stress caused by the tendency of the column to cant over on one edge 
of its base ; and it must be noticed that only about one-fourth of the 
bolts in each column foot are, on on average, able to offer resistance to 
the latter stress. 

When weight is of great importance, as in Naval work, and framincr 
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are made of the lightest possible sections, special sti'esses, — sach a. 
those resalting from the action of the reversing engine, &c., — mus 
be carefully considered and allowed for. 



CONDE-NSERS. 
z. Jet Condensers.. 

The Capacity of a jet condenser should not be less than one-foartl 
that of the cylinder, or cylinders, exhausting into it, and need not be 
more than one-half, — unless the engine is a very c[uick running one : 
one-third the capacity of cylinder is generally sufficient. 

The Form of a jet condenser is not a matter of much consequence, 
and depends, to some extent, on the type and design of engine to 
which it is fitted. The inlet for steam should be high enough to pre- 
vent water getting into the cylinders, and the lower portion should be 
so shaped that the water will all drain to the air-pump. 

The Position of the Jet Pipe or nozzle, and the form of the 
delivery openings in it depend so much on the form of the condenser 
that no aefinite rule can be given ; the nozzle pipe may have a 
number of small holes drilled it it, or the water may issue from 
transverse or longitudinal saw-cuts or slots, or may all issue in a sheet, 
from the end of the pipe, through a nozzle resembling a section of pipe 
which has been flattened and nearly closed. 

The Quantity of Injection Water depends on the weight of steam 
to be condensed, and on its temperature, and, — to ascertain the exact 
quantity, — the temperature' of the injection water, and the required 
temperature of feed water must also be known. 

The vacuum with this type of condenser rarely exceeds 25 inches, 
and is more commonly 24 inches, — which corresponds to a tempera- 
ture of about 140°; the temperature of the hot-well varies, in practice, 
from 110° to 130°. 

The number of pounds of injection water (Q) necessary to condense 
one pound of steam is given by, — . 

^ 1114 + ( '3xT8)-Th 

^ Th^^T,. ' 

where Ts= temperature of steam at exhaust* 
T = „ of hot- well. 

Tw =■ ) ) of cooling water. 

Rule Z24. It is usual to make an allowance of iigection water of 
from 27 to 30 times the weight of steam to be condensed, for vessels 
ininning in temperate climates, to 30 to 35 times for those running in 
the tropics. 

The relation of weight of steam to volume, to temperature, and to 
release pressure is given in the following Table : — 

Strictly, absolute temperatures (Fahrenheit temperatures-l-461'') should be 
' \n this and all similar calcalations. 
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Table XLV.— Weifi:ht, Preaaore, and Temperatnre of Steam. 


Abeolnte 

pressure in 

lb«. peraq. 

inch. 

1 


Number 

of caUc 

feet to 

weigh lib. 


Tempera- 
ture (Fahren- 
ieit). 


Absolute 
pressure in 


Number of 

cubic feet 

to weigh 

lib. 


Tempera- 
ture (Fahren- 
heitX 


2-8 
3-6 
4-6 
5*5 
6-8 
8-8 


122 
98 
80 
65 
54 
44 


140" 
149 
168 
167 
176 
185 


10-1 
12-2 
14-7 
17-6 
20-8 
24-5 


87 
81 
26 
22 
19 
16 


194* 

203 

212 

221 

230 

289 



See alao complete Table of Preasures, Temperatures, Volumea, Total 
Heats, kc., pp. 883 to 339. 

The Area of Injectioo Orifice, and size of pipes, is governed by 
the head of water, the vacuum, and the length of piping and number 
of bends, &c., or, in other words, by the equivalent head at the 
condenser* 

Neglecting the resistance to flow at the orifice, and in the pipes and 
passages, the velocity at the condenser may be found as follows : — 

Let h be the head, in feet, above the valve on the condenser ; p, the 
pressure in the condenser in lbs. per sq. inch ; ?^ the equivalent 
lead ; and g', gravity. Then, — 

Ai-A + (15-p)2-3, 
and velocity in feet per second is ^2 gh^ or 8\/^* 

Role 125. In practice, owing to the loss of head resulting from resist- 
ances at valves, and in pipes, &c., the actual velocity is only about 
half that given by the above rule ; hence, in designing, it is usual 
to calculate on a velocity of onlv 25 feet per second for shallow draught 
steamers, and 30 feet per second for deeper ones. 

The following more concise expressions are derived from the 
above rules, — 

Rnlezad. 

Area of orifice 

insq. ins. 

Rnlez26a. 
or Area of ori- \ _ Weight of injection water in lbs, per min. 
fice in sq. ins. j " 660 to 780 according to circumstances 

The handle or lever for working the injection valve should be 
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No. of c. ft. of injection water per minute 
10*4 to 12*5 according to circumstances 
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placed close to the starting and reversing handles, in order that wa 
may be promptly shut oif when engine is stoijped. 

A snifting or overflow valve, neld on its seat by atxnosphe 
pressure only, should be provided, to prevent undue accumulation 
water in the condenser : its diameter should be the same as tliat of t 
injection valve. 

A Bilge Injection Valve should also be fitted, having an area 
about two-thirds that of the sea injection, and suitable means shou 
be adopted to prevent its becoming choked by dirt from the bilges. 

2. Surface Condensers. 

These are now fitted to all classes of vessels excepting some swii 
low-pressure paddle steamers, employed in the cross-channel passengc 
services, in wnioh the saving of weight is the first consideration. Th 
extra coal consumption due to the necessary ''blowing off" quit 
prohibits the use of the jet condenser on steamers making loni 
voyages. 

The net saving of fuel by the use of the surface condenser average 
15 per cent., and may, with care, reach 20 per cent. ; and, in addition, 
the life of the boilers is very much prolonged. 

On the other hand, the surface condenser is heavier and more costly, 
and occupies more space than the jet, and also requires an additional 
(circulating) pump. 

The CooUng Surface per I.H.P. should be as follows : — 

Rule X27. For modern Mercantile triple engines . . 1 '3 sq. ft. 

Rule Z27a. „ Naval „ . . I'l 

The proportion of 1*1 sq. ft. per I.H.P. is found to give very satis- 
factory results in Naval vessels, although the pressure at release, when 
the engines are exerting maximum power, is not generally below 10 
lbs. absolute ; and a vacuum within 2^ inches of the weather 
barometer is usually obtained. 

The following Table shows the increased surfaces necessary in cases 
where the terminal or release pressures are higher than in those 
referred to above : — 



Terminal 


pressure 


20 lbs. absolute . 


. . l-rosq. ft perLH.P. 


}) 




15 lbs. „ 


. . 1-57 „ 


ft 




12% lbs. „ 


■ . 1-50 „ 


it 




10 lbs. „ 


. . 1-48 „ 


»» 




8 lbs. „ 


. . . 1-37 .„ . „ 


>> 




6 lbs. „ 


. . 1-30 „ 



As the efficiency of the condenser depends not only on the extent of 
the stirface, but also on the mean difference of temperature between 
steam aiid water, if the surface be made less than above directed, the 
difference of temperature must be proportionately greater, and, to 
^iflRftnf f ^is, the speed of water must be greater, the general result being 
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be discharge of a larger quantity of cooling water at a lower tempera- 
ore. If the quantity of water be not increased the temperature of 
ondenser, and corresponding back pressure, will of course increase. 

Correspondingly, if the surface be made greater, the action may be 
ess intense, and the quantity of water, and the pumping power less, 
he general result being the discharge of a smaller quantity of cooling 
rater at a higher temperature. If the quantity of water be not 
liminished the temperature of condenser will fall and the result be 
old feed water. 

It would therefore appear that to keep the temperature of condenser 
onstant, while condensing a giyen quantity of steam with sea water 
t a given temperature, the quantity of water should be (approxi- 
oately) InTersely proportional to the surface. The fact that tne first 
bot of tube through which the water passes is the most efficient 
iondensing surface, and each succeeding foot less and less efficient is a 
implicating element in these calculations. 

The circulating pumps must of course be proportioned to suit the 
lighest sea temperature that the vessel will meet with in ordinary 
Bork. 

Condenser Tubes.— These are, as a rule, made of brass, solid 
irawn, the composition bein^ 68 per cent, of best selected copper, and 
B2 per cent, of best Silesian spelter ; the Admiralty, howeyer, 
specify 70 per cent, copper and 1 per cent. tin. 

Condenser tubes yary in diameter from % inch to 1 inch, but 
% inch tube, with a thickness of 18 L.S.G., is by far the most 
frequently used size, both in Merchant and Naval seryices ; the 
Admiralty specifications usually state the thickness as *05 inch 
howeyer, whilst 18 L.S.G. corresponds with '048 inch. 

Length unsupported.— (Rule 128) When tubes are secured at the 
tube-plates by screw ferrules and packing, the unsupported length 
should not exceed 100 diameters ; or, when they are held by 
tightly fitting ferrules, 120 diameters. If the tubes are longer than 
this, they should be supported by intermediate diaphragms of rolled 
brass, from %-inch to %-inch in thickness, according to size ; but care 
nmst be taken, in arranging the design, that these diaphragm plates 
do not interfere with the free flow of the steam to ail parts of the 
condenser. 

Tube-plates. — These should be of rolled brass of the following 
thicknesses : — 

Rule 129. 

When wood ferrules are used . . z'Sxdiameter of tube. 

„ screw glands „ . . X'lx „ „ 

" Diameter of tube" signifies, in all cases, external diahieter. 

Fig. 30 shows the method of securing a tube by a wood ferrule, and 
Fig. 81 by means of a screw gland and packing ; the dimensions on 
the figures give the proportions ordinarily adopted for 94-inch tubes. 
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Fig. 80. 




Fig. 31. 



Spacing of Tubes. — The tubes should be spaced zigzag, an 
equilaterally {i.e., the centre of any tube should be at the sani 
distance from the centre of each of the immediately surrounding tubes] 
The pitch may be as follows : — 

Rule 130. 
When iKTOod ferrules are used^Dia. of hole for ferrule +%m. ' 

When screw glands are used— Extreme dia. of gland + ^ to '/!« ij 

The following Table will be of assistance in making rough calcd 
tions for size of condenser : — 



Table XLVI.— Size of Surface Condenser. 



External diameter of tube — % inch. 



Pitch of tubes, . 



IVs" 



15/ H 

^ /sa 



I'/i. 



i%." 



1J4'1 



Number of tubes 
per sq. ft. of tube 
plate, .... 



131 



124 



118 



112 



106 



Cooling surface per 
cubic ft. of tubes, 



25-7 
sq. ft 



24-3 
sq. ft. 



23-1 
sq. ft. 



21-9 
sq. ft. 



20 -S 

sq. a 
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The sorface of 1 foot of % inch tube is '1963 sq. ft 
See alao Table of Surfaces of Tubes, page 823. 

Quantitj of Coolins: Water.— The quantity of water necessary for 
condensation is given by the formula, — 

RuIei3X. q.1114 + (-3xTs)-Th 

Tw-^w 

where Tg —temperature of steam at release, 
Th— ,t hot- well, 

tw and Tw= initial and final temperatures of cooling water. 

With temperature of sea 60°, and ordinary engine temperatures, this 
quantity will be found to be about 27 times the weight of the steam 
condensed ; and with sea at 75°, about 42 times. 

If the weight of steam discharged into the condenser by a modem 
triple engine be taken at *2 lb. per I.H.P., and the coolinff^surface 
provided he at the rate eiyen above, — viz., 1*3 sq. ft. per I.H.r,, — the 
rate of condensation will be say *16 lb. per sq. ft. per minute, and the 
speeds of cooling water through tubes necessary to effect this are 
found to be, — 

When sea temperature is 60° . . about 110 ft. per minute. 
„ „ 76° . . „ 170 „ ,, 

Role 132. At these velocities the water requires to pass through 
about 20 ft. of tube in order to reach a temperature, at discharge, 
of 100°. 

Where the tubes are very short this may be effected by causing the 
water to travel three times through the condenser ; if this is not 
possible the speed of the water must be reduced in proportion, so as to 
give it time to rise to the discharge temperature. In Naval con- 
densers the average run of the water is not more than 15 feet, and the 
speeds 80 feet and 125 feet per minute respectively. 

Whenever possible the tubes should be arranged horizontally, as 
experiment seems to show that vertical tubes have an efficiency of 
rather less than '7 of that of horizontal ones. 

Application of Coqlingf Water.— The simplest method of applying 
the cooling water is to allow it to run direct from the sea into the 
condenser, and then to pump it overboard from the condenser ; 
where this cannot be conveniently arranged, and the water is 
forced through the condenser by a reciprocating pump, a large air- 
vessel should be provided as near to the pump as possible, to guard 
against shock from "racing" or sudden starting. 

The centrifugal pumps, invariably employed for circulating purposes 
on ships of war, suck from the sea and drive the water through the 
condensers, but they are of course incapable of communicating any 
shock to the structure. 

In order to reduce the shock from reciprocating circulating pumps 
some engineers fit a screw-down by-pass valve which is opened more 
or less whenever " racing " occurs. 

In merchant steamers the condenser commonly forms a part of the 

9 
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framing, and is made of cast-iron ; its strength of oonrse depends 
largely on its form and ppsition, and has little relation to the stresses 
resulting from its action as condenser. 

In war vessels, on the other hand, the condenser rarely, if ever, 
forms any part of the framing ; it is commonly cylindrical in form, 
made of naval brass or gun -metal, and strong enough to bear an internal 
test pressure of 30 lbs. per sq. inch, which is applied to test the sound- 
ness of the casting, and the tightness of joints and tube packings. 

Condensers for torpedo gun-boats, &c., up to about 5 feet diameter, 
usually have the barrels made of sheet brass (8 to 6 L.S.G.) with 
flanges and stiffening rings riveted and soldered on. 

Manholes, sight-holes, mud-holes, and air-cocks should always be 

Provided ; in Naval condensers fittings for introducing soda, and for 
oiling out, are always fitted in addition. 

AIR-PUMPS. 

Wherever practicable these should be vertical, and single-acting, 
since this type is in every way the most efficient and satisfiictory. 

In vertical screw engines the air-pump should be driven by levers 
and links from the L.r. crosshead or gudgeon ; when driven direct 
from the piston or crosshead the speed is objectionably high, and the 
pump is not usually convenient of access. | 

'When the pump must be placed horizontally, or in an inclined 
position, its design, — whether it be single or double acting, — is a more 
difficult problem, and each detail and point should have the careful 
attention of a skilled designer. 

In horizontal screw engines the air-pump is usually placed hori- 
zontally beneath the condenser, and driven direct from the L.P. 
piston ; in twin-screw vessels the condenser and pump are generally 
behind the cylinders, and in single -screw ships in front of the 
cylinders, and on the opposite side of the shaft. 

In paddle engines the air-pumps are placed in different positions, 
and driven in different ways according to the type of engine. In 
oscillating engines they are usually inclined, and driven by connecting 
rods from a crank formed in the middle of the intermediate shaft, 
or by an eccentric fixed in the same position ; but are sometimes 
placed vertically, and driven through a lever or beam. In almost 
all other types of paddle engine they can be placed vertically without 
difficulty, and may be driven as found most convenient. 

Size of Air- Pump. — Whether for jet or surface condenser, the 
quantity of water to be removed by the air-pump can be easily 
determined by the rules given under "Condenser," but the quantity 
of air is variable and cannot be calculated ; and it is therefore necessary, | 
especially in the case of surface condensing engines, to rely more on 
experience than on calculation. 

The most convenient formula is probably the following :— | 

Rule 133. 
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where C has the foUowiog values : — 

For mngle-acting vertical pomp and jet condenser . , C — 700 

For single-acting vertical pomp and surface condenser 

(mercantile) C-800 

„ „ jf M (naval) G-250 

„ double-acting horizontal pump ,, . . C— 470 

The proportions given above for the air-pumpe of surface condensing 

eDgines are based on the assumption that no jet injection apparatus is 

ittedy — experience havinc shown that it is (][uite unnecessary. 

As some engineers still prefer, when fixing the sizes of air-pumps 
for ordinary merchant steamers, to make the pump capacity bear a 
direct relation to the capacity of the L.P. cylinder, it may be of 
serrice to give the following approximate equivalent of the above rule 
(Rale 133) for this particular case : — 

Rule zjsa. 

ordinary merchant steamer, ... J 23 

Air-Pmnp Rods.— These may be made either of iron cased in 
gon-metal, or of one of the rolled bronzes. Where a guide is fitted, and 
tlie stroke of the pump does not exceed 234 times its diameter, the rod 
(without regard to its material) may have a diameter given by, — 

Rule 134. Diameter of rod, P^«^eterofp ump^ .^ ^^^ 

See Table XLYII. (page 134) for sizes given by this rule. 

Where air, circulating, feed, and bilge pumps are grouped together, 
and the links are long, the guide is sometimes omitted, but it is not 
a plan that can be recommended, except for pumps of very short 

stroke ^say less than _i^£_J j ; if it is followed however, the 

diameter of the rods should be increased by 16 per cent., and the stuffing 
box should be kept as far above the end of the barrel as possible. 

In llie case of horizontal pumps, placed as described above, for 
twin-screw vessels, the length of unsupported rod between the stuffing 
boxes \b not usually so great as to prevent Rule 134 from applying ; in 
single-screw vessels a guide should be fitted if the pump is placed and 
driven as described above. 

The Size of the Screw on the air-pump rod, by which it is 
attached to the air-pump crosshead, is given by, — 

Rule 135. Area at bottom of thread Are» of bucket 

20 X vd^™6ter of bucket 

See Table XLVII. (page 134) for sizes given by this rule 
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This allows a stress of about 2000 lbs. per sq. inch of material in the 
rod for a 12-inch pump, increasing to 8800 lbs. per sq. inch in the rod 
for a 40-inch pump, the load on the bucket being taken as 30 lbs. 
per sq. inch. The rule may be taken as giving the size of screw 
whether the rod is of bronze or of wrought-iron or steely as the bodies 
of the rods will be of the same diameter for both materials, and 
nothing is gained by reducing the ends of iron or steel rods. 

When the number of reciprocations is high (say 200 to 350 per 
minute) the rods should be made 10 per cent, larger in diameter than 
given by the rule, although the stroke may be short, or even very 
short, since there is always a liability to sudden strain, owing to 
irregular or intermittent action of the pump, and the intensity of 
these strains will vary as the squares of the bucket speeds, — other 
things being equal. 

Very long rods must be specially considered, — as struts, — fixed or 
jointed at the ends as the case may be. 

Connecting^ Rods for Trunk Air-Pumps.— When of the ^e 
commonly employed for driving the pumps of oscillating paddle-engines 
these may have the following proportions : — 

Rule 156. Area of section of rod » 'oz x area of bucket ; 
or, in case of a round rod, — 

Rule X36a. Diameter of rod - *x x diameter of bucket ; 
when two bolts are used to connect the brasses at the end, — 

Rule X36b. 
Diameter of each bolt (in body) « '056 x diameter of bucket. 

Air-pump buckets are usually packed with manilla rope, from 
% to %-inch diameter ; in the Navy an external ring gland is sometimes 
fitted to compress the packing, but it is unnecessary in ordinary cases, 
and may be a source of danger in careless hands. 

When the air-pump valves are of india-rubber care should be taken 
to fit a quality that is capable of resisting the heat, &c. ; the Admiralty 
specification is as follows : — 

*'To be made of the best Para caoutchouc, with no other materiab 
whatever than sulphur and white oxide of zinc ; the sulphur is not to 
exceed 1% per cent., and the oxide of zinc not to exceed 70 per cent 
The india-rubber is to be made of the best materials, not re-manufac-, 
tured, and to be of a homogeneous character throughout, thoroughly] 
compressed, free from air-holes, pores, and all other imperfections. 

** Samples of the india-rubber will be tested, and must be capable ol 
enduring a dry heat test of 270** Fahrenheit for one hour, and a moist' 
heat of 320° Fahrenheit for three hours, without impairing its quality. *•! 

Air-Pump Barrels.— For pumps below 20 inches in diameter the 
gun-metal barrel is usually surrounded by a cast-iron one, to which i| 
forms a "liner"; above 20 inches the more conmion plan is to omil 
the outer barrel and secure the gun-metal one to cast-iron head anj 
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foot boxes by means of iibbed flanges, — or, as in Na^al work, to make 
barrel, and bead and foot boxes all one gnn-metal casting. Wbicbever 
type of oonstraction is nsed, the working barrel should be of thickness 
given by, — 

Rule 137. 

Thickness of atr-pmnp barrel- W^ — ^ •26-inch. 

See Table XLVIL (page 134) for thicknesses given by this rule. 

When the pump is of the Naval type the portions above and below 
the working barrel may be ftom %« to % inch thinner than the 
barrel, aoooraing to size and design. 

Where the gun-metal barrel is not enclosed in an outer casing, it is 
very desirable to have a manhole in the side, through which access 
may be had to the bucket and foot valves, without disturbing the 
cover or guides. Similarly, when the size of the pump renders it 
possible, hand or sight holes should be provided in the sides of the 
head box, for getting at the head valves. 

The Areas through the Valve Gratings of foot, bucket, and head 
valves should be kept as large as possible ; on an average, those of the 
foot and bucket valves run about one-third of the sross area of bucket, 
and those of tiie head valves a little larger ; they can of course be 
increased by increasing the diameter of uie pump, and decreasing 
the stroke. 

Speeds of Bucket — In ordinary mercantile engines the speed of 
bucket employed varies from 200 feet to 360 feet per minute ; but in 
Kaval engines it commonly ranges from 300 feet to 450 feet, and with 
pmnpe driven direct from the pistons is of course higher still. When 
the pump works in connection with a jet condenser the speed should 
not much exceed 200 feet per minute. 

Sizes of Suction and Discharge Pipes.— For t^e pumps of 
surface condensing engines (where no jet apparatus is fitted) the 
diameter of suction pipe from condenser, in inches, is given by, — 

Rule xjS. Diameter of air-pump suction pipe - — x \jK 

or, Equivalent mean speed in pipe must not exceed 2500 ft. per min. 
where D is diameter of bucket in inches, and S its mean speed in feet 
per minute. 

If there is a supplementary hot- well or feed-tank, the pipe connecting 
it with the air-pump should be of diameter given by,— 

Rule 139. Diameter of air-pump delivery pipe '- go x V^ 

or, Eqtuvalent mean speed in pipe must not exceed 3850 feet per 

minute. 
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In iuldiltion, an air-pipe should be fitted as- close to the pnmp as 
possible ; its diameter may be, — 

Rule J4a Diameter of air-pipe » — x V^T 

or, Equivalent mean speed in pipe must not exceed 6400 feet per 
minute. 

If the pipe to feed-tank is long, or has many or sharp bends in it, 
these points must, of course, be considered and allowed for la fixing 
the size. 

When the pump works in connection with a jet condenser, the 
diameter of suction and delivery pipes may be, — 

Rule 141. Diameter of Suction and delivery pipes » ^ x V^- 

or. Equivalent mean speed in pipe must not exceed 625 feet per 
minute. 

The delivery pipes from air-pumps of jet condensing engines should 
have good large air-vessels (say capacity not less than capacity of 
pump) placed as near to the pumps as possible. 

Table XLVII.— Air and Circulating: Pumps. 
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Oolmnn 2 is calcoUted in aooordanoe with Rule 137. 
i> * »» tt i> 184. 

,, 5 ,, ,, ,, 135. 

Golamn 2 is only to be read with colomn 1, and cohunn 8 only with 
colnnin 6 ; colnrnns 4 and 5 may be read with either column 1 or 
column 6. Column 3 ^ves thickness in cases where barrel is fixed or 
carried by a flange at the mid-length only. 



RECIPROCATING CIRCULATING PUMPa 

These may be either single or double acting, and, as their efficiency 
is practically unafifected by position, they may be either vertical, 
horizontal, or inclined. In general design the various parts may 
resemble the corresponding parts of the air-pump (in practice the same 
patterns are sometimes used for both pumps), but circulating pumps 
require, in addition, large air vessels, non-return air or pet co^, and, 
in the case of large double-acting pumps, a by-pass valve. 

The air-vessel for a single-acting pump suould have a capacity 
equal to twice that of the pump, when possible, but never less than 
once and a half. The delivery of the pump should be limited, when 
necessary, by opening the air-valve, not by partially closing the 
suction valve. Air or pet valves may vary from 1 inch for a 10 inch 
pomp, to 2 inch for a 20 inch pump, — extra area being given if the 
speed of bucket is exceptionally high. 

The by-pass valve may have an area of about one-tenth the area of 
the bucket. 

When the size of pump required would, if made single-acting, 
exceed 20 inches in diameter, it is better to fit a double-acting pump 
of half the bucket area, and thus obtain a steadier delivery, whilst at 
the same time reducing the magnitude of the stresses and the sizes of 
the various parts. 

Size of Circulating Ptimp.— This depends on quantity of cooling 
water required, and number of strokes per minute. 

Let Q» cubic feet of cooling water required per minute. 
n= number of strokes per minute. 
S« length of stroke in feet. 

Then,— 

Capacity of Circnlattng Pump = -^ cubic feet. 

n 
and, — 

Dtameter of Circnlatiiig: Pump -13 -66 / -^ inches. 

In determining Q, the temperature of cooling water should be taken 
at the highest ordinary temperature encountered on the routes the 
▼easel is intended to steam over. 

If the efficiency of the pump be taken as unity, the capacity 
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necessary to deliver water equal in weight to 42 times the steam 

condensed is, — 

I H P 
Capacity of Circulatinfi: Pump (cubic ins. ) = ^ — \ — - x 227. 

Revs, per minute 

allowing, however, an ordinary efficiency of pump, and for possible 
reduction in efficiency due to the use of air-valve and by-pass valve, 
the capacity should be, — 

Rule 142. 

I H P 

Capacity of Circulating: Pump (cubic ins. ) = ' ' '. x 300. 

Revs, per minute 

i.e.y in the case of single-acting pumps working with surface con- 
densers, the same capcLcUy as for a single-acting air-pump. 

Circulating: Pump Rods.— For single-acting pumps, these should 
be of the same materials as the air-pump rods, and the same formula 
may be used to obtain size. See Table XLVII. 

Wherever possible the air and circulating pump rods should be 
made of exactly the same dimensions, in order that one spare rod may 
serve for either pump. With this object, when the circulating pump 
is made double-actiDg, the rod should be of the size suitable for a 
single-acting pump of the same capacity per double stroke ; this will 
give a rather stiflFer rod than is absolutely necessary to resist the com- 
pressive stress, but will be no disadvantage. 

The rule for rods of double-acting circulating pumps will then 
be, — 

Rule 143. Diameter of Rod ** ^tt + '6 inch (See Table XLYIL). 

Although manilla rope and lignum-vitse packings are both occasion- 
ally used, the buckets of circulating pumps really do not require any 
packing, and are better without it, since the unnecessary friction is 
thereby saved. 

The thicknesses of gon-metal barrels or liners for circulating pumps 
may be determined by the rule previously ^ven for air-pump barrels 
(Rule 137), when the barrels are of similar type and similarly 
supported. When the barrel is fixed in place by means of a single 
flange placed at mid-length (a common method for double-acting 
circulating pumps), the thickness should be 10 per cent above that 
given by the rule (see Table XLVII.). 

The areas through the foot, bucket, and delivery valves should be 
kept as large as possible, but, as in the case of air-pumps, they will 
usually average one-third of the gross bucket area. 

The bucket speeds in common use are from 200 to 400 feet per 
minute. 

The sizes of suction and delivery valves may be as follows : — 



Rule 144. Diameter of Pipe « ^ x VST 
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Where D is the diameter of backet in inches, S its mean speed in 
feet per minute, and F a co-efficient, the values of which are as 
follows : — 

Double-actiiig^ ( Suction — F-25 (mean speed in pipe, 626 feet). 
pumps j DellTery— F-24 ( „ „ 676 „ ). 

Sinsrle-actinfir J Suction — F- 27 ( „ „ 729 „ ). 

pumps ) DeliTery— F-24 ( „ „ 576 „ ). 

When any pipe is under 10 inches in diameter the yelocity of flow 
through it should be kept 10 per cent below that allowed by the 
above rule. Specially long or specially tortuous pipes must also have 
special consideration, — the velocity of flow beinff reduced in accord- 
ance with the circumstances of the case. Lloyas rules require that 
a bilge injection or a bilge suction to the circulating pump shall be 
fitted, the diameter of which shall be at least two-thirds that of the 
sea inlet. 

CENTRIFUGAL CIRCULATING PUMPS. 

In Naval work this type of pump is almost invariably used, and 
it is also not infrequently fitted in all classes of mercantile steamers. 
It is, no doubt, preferable to the reciprocating type where large 
bodies of water are to be moved against a merely nominal heaid, 
and especially where the main engines run at a nigh number of 
revolutions per minute, since there is an' entire absence of shock, and, 
when the pipes are properly arranged, the work is done with a less 
expenditure of power. On the other hand, the centrifugal pump is 
more costly than the reciprocating, occupies more space, requires 
more attention, and necessitates rather larger pipes and valves. 

Size of Pipes. — The size of pipes should oe such that the speed 
of water does not exceed 600 feet per minute, even when the sea 
temperature is 75^ or, in other words, when the sea temperature is 60° 
the speed should be about 380 feet per minute. 

When the pipes are under 10 inches diameter these speeds should 
not exceed 450 and 800 feet respectively, and if the pipes are not 
short and direct, with easy bends, the efficiency of the pump will be 
improved by keeping the speeds 50 feet per min. lower again. 

A convenient form of the rule for size of pipe will then be as 
follows : — 

Rule 145. Diameter of pipe in inches- '64 VQ 



or, — Diameter of pipe in inches » /— 



H.P. 



20 



where Q is the maximum number of cubic feet of cooling water per 
onnate. This corresponds with a speed of 450 feet per minute in 
fte pipes. 

Size of Fan or Wheel. — ^A good proportion for the diameter of 
piunp wheel is, — 
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Rule 146. 
Diameter of pump wheel in inches » 2*8 x Diameter of pipes, 

or,— 

Rule Z46a. Diameter of pump wheel in inches » 1 *8 VQ 

wbere Q is maximum number of cubic feet of cooling water per minute^ 

or, reversing the equation, — 

Rule 146b. Q--5L cubic feet. 

^ 8-24 

Width of Wheel at Periphery.— The width of wheel at the 
periphery, or width of vane at the tip may be, — 

Rule 147. 
Width of Wheel at Periphery - Diameter ^JPipes. 

4 

Stroke of Piston. — The stroke of the centrifugal pump engine 
may be conveniently fixed as follows : — 

Rule Z48. Stroke of piston » '3 x Diameter of Fan. 

Size of Steam Cylinder.— As centrifugal circulating pumps are 
invariably fitted with bilge suctions so as to be available as bilge | 
pumps in case of need, and as the work done when pumping from the 
bUge is far in excess of that done when merely circulating water 
through the condenser, the size of steam cylinder must evidently be 
fixed with regard to the former duty. 

The efficiency of the pump depends very greatly on the pipe 
arrangement ; with direct pipes of good size; and easy bends, it may, 
when pumping from the oiige, approach 30 per cent., but a bad 
arrangement, with sharp bends, will very seriously aflfect it, and may 
easily reduce it below 20 per cent ; in ordinary practice, where 
reasonable care is exercised in scheming the pipes, it may be assumed 
to be 25 per cent. The efficiency also tends to diminish as the lift 
increases, so that a rather lower efficiency should be assumed in the 
case of large deep ships, and vice versa. 

Then I^ciic**ed Horse-power ^ . 
Water Horse-power 

where -* water horse-power" is ^^' ^^^"'' P^^^P^f ^^ min. xlift in ft. 

^ 33,000 

or, putting it into another shape, — 
Rule Z49. 

Tons water pumped per hour x lift in feet x 150 - P^ x A x S | 
where Pm — mean pressure in steam cylinder ; 
A — area of piston in square inches ; 
S — piston speed in feet per minute. 
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Speed of Periphery of Pump Wheel*— The speed of periphery 
of pump wheel neceasary to discharge water at the velocities mennoned 
above against a head (h), under average conditions, is given by, — 

Rnle Z5(x Y-ll V^ 

where Y is velocity of peripherv in feet per second, and h the actaal 
lift in feet. With a very good arrangement of pipes the co-efficient 
may be as low as 9, in place of 11, but a bad arrangement will send it 
up to 13 or over. 

In ordinary circulating work when inlet and outlet are both sub- 
merged, as is usual in Navy, V requires to be about 24 feet per second 
(1440 feet per minute), and the resistances may therefore be assumed 
to be equivalent to a head of nearly 5 feet. 

When pumping from the bilge, V varies from 30 feet to 50 feet per 
second (1800 feet to 3000 feet per minute) in ordinary Naval work, 
bat, as shown by the above equation, it increases as the square root 
of the head. 

Size of Bilge Suction Pipe.— A convenient rule for area of this 
pipe is, — 

Rule 151. 

One square inch area for each 7 tons per hour to be pumped. 

This limits the speed of water in the suction pipe to 580 feet per 
minute. 

It is not desirable to have the area of bilge suction more than about 
'6 of the area of the circulating pipes, as the size of steam cylinder 
required soon becomes cumbersome for the ordinary circulating 
work. 

The pump should be capable of perfoiming the specified bilge duty 
vdth a steam pressure not exceeding two-thirds of the ordinary boiler 
pressure. 

FEED PUMPS, &C. • 

Capacity of Feed Pumps in iet-condensing engines.— This 
depends mainly on the degree of saltness at which the water in the 
boilers is ttx be maintained, or, in other words, on the proportion of 
the gross feed- water that is " blown oflf." 

Let Q represent the net feed-water, or the quantity required as 
steam by the engines, and say water in boilers is to be kept down to n 
times the density (or saltness) of sea-water, then the amount of sea- 
water that must be pumped into boilers is, — 

Gross feed-water- -Ar x Q. 

n— 1 

To reduce the time required to bring the water in the boilers 
up to the working level again after ** blowing off," it is usual to 
make each feed-pump capable of pumping tivice this quantity ; 
therefore, — 
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Rule 152. Each pump should supply - ^ x Q. 

Tt— 1 

The net feed- water (Q) required by a jet condensing engine, working 
with steam of about 80 lbs. pressure, may be taken as 26 lbs. per 
I.H.P. per hour. 

Of course, when pumps of this capacity are fitted, the question of 
the efficiency of the pump need not be raised. 

The amount of scale or salt deposited in the boilers does not depend 
on the density at which the water is kept, but only on the quantity 
of sea- water pumped into the boilers ; 35°, or 3% times the density 
of sea-water, is a good density at which to work the boilers of jet 
condensing engines, and 40* to 45°, or 4 to 4% times, for boilers of 
surface condensing engines. 

The Hydrometer, or Salinometer, by means of which the density of 
the water is ascertained, is, in the Navy, graduated in degrees, so 
that, when floating in pure water, the zero point is at the surfetce, and 
when in clean sea- water it marks 10°, when in water of twice the 
density of sea-water, 20°, and so on. In the Merchant Service, 
engineers either express the density in ounces per gallon (sea-water 
containing about 5 oz. per gallon), or in "thirty-twos," — sea- water 
containing about y^^ of its weight of solid matter. 

Capacity of Feed-pumps for Surface Condensing Engines.— \ 
It will be sufficient, with this type of engine, if the total capacity of 
each pump be made equal to twice the net feed water required ; 
this allowance also covering any want of efficiency in the pumps. 

If Q be the net feed water required in lbs. per hour, I length of 
stroke of feed pump in inches, and n nimiber of strokes per minute ; 
then, — 

Rule 153. 
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Diameter of each feed-pump plunger, in inches =» a /"T 

For ordinary compound engines the net feed water (Q) required 
may be taken at 18 lbs. per I.fl.P. per hour, for triple engines 16 lbs. 
per I.H.P. per hour, and for quadruple engines 13*5 lbs. per 
I.H.P. per hour. 

Or, if the formula be written, — 

I IT P 
Rule Z54. Capacity of feed-pump, in cubic inches-^ —^— ^ ^1 

K 

the values of C will be as follows : — 

For Compound eng^ines, 0«>16*5. 

„ Triple engines, C=13*7. 

„ Quadruple engines, C«12*4. 

In determining the sizes of feed pumps for Naval boilers, it will 
generally be sufficient to take the natural draught power as the basis 
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of the calculatioii ; they are always fitted as independent auxiliary 
engines. 

Where the feed pnmpe are driven by the main engines, there should 
be, except in very small engines, two pumps, each capable of supplying 
the boilers at fiill power, and so arranged that either may be worked 
independently of the other, and be easily put out of gear when not 
required. 

Relief Valves. — "When the pumps are driven by the main 
engines, or when they are independent auxiliary engines, but are not 
of a self-regulating type, each pump should be fitted with a relief 
valve, of a diameter equal to two-thirds that of the delivery pipe from 
that pump, and loaded to 1% times the boiler pressure. Provision 
should be made for leading all water from rehef valves back into 
suctions. 

Feed-pump valve-boxes and valves.— These should be of best 
gon-metal ; and since the seats, as well as the valves, wear out rapidly, 
loose seats should be fitted. The faces of the valve seats shoxud be 
made flat, and the seating area, or area of faces in contact, should not 
be less than 20 per cent, of the gross area through valve ; that 
is,— 

Rule 155. 
Width of faces in contact- '0475X Diameter of valve. 

The diameter of valve, measured inside the seat, should be equal 
to that of the delivery pipe. 

The noise made by gun-metal valves on gun-metal seats may be much 
reduced by loading them with light spiral springs, made of plated 
steel or of hard brass wire. 

Each pump should have an air vessel of twice its own capacity. 
Kon-retum air, or " pet " valves, should be fitted between the suction 
and delivery valves ; and sometimes the construction of the pump is 
such that a small cock is necessary to let out air that accumulates in 
the upper part of the chamber or barrel, but this type of construction 
should be avoided where possible. 

Feed pipes. — The pipes leading to and from the feed pumps 
should be of such size that the velocity of flow, when working 
steadily at full power, does not exceed 400 feet per minute. The 
velocily should also be less as the pipes get smaller, to allow for the 
increased percentage of friction ; and, it' 400 feet be adopted as the 
limit in a 6-inch pipe, the limit in a IJ-inch pipe should be 200 feet ; 
or, more briefly, velocity for any diameter of pipe should not exceed 
that given by, — 

Rule 156. V - Z64 VEHameter, 

where V is in feet per minute and diameter is in inches. 

The maximum deliveries of pipes, according to this formula, may 
then be shown in tabular form as follows :— 
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Table XLVIi I. -Delivery of Feed Pipes. 



Diameter 
of pipe. 


Delivery in 

cubic feet 

per minute. 

(C) 


DeUvery 

in lbs. 

per hour. 


Diameter 
of pipe. 


Delivery in 

cubic feet 

per minute. 

(C) 


DeUvery 

in lbs. 

per hour. 


1% 

2 

2% 
3 

3% 


2-46 

3-60 

5-04 

6-79 

8-81 

11-22 

13-94 

17-00 


9,260 
13,600 
19,050 
25,660 
33,300 
42,400 
52,700 
64,200 


8% 

3% 

4 

4% 

4^ 

6 

5% 

6 


20-43 
24-80 
28-63 
33-30 
38-42 
50-00 
63-36 
78-92 


77,200 
91,800 
108,200 
125,800 
145,200 
189,000 
239,600 
298,300 



Then, to find diameter of feed pipe, determine value of C in 
equation, — 

where D is diameter of plunger in inches, and S its mean speed in 
feet per minute ; look for the corresponding figure in column 2 or 5 
of Table ; and opposite, in column 1 or 4, will be found the appropriate 
diameter of pipe. If the exact figure does not appear in column 2 or 
6, take the next higher. Of course, if the pump is single-acting, the 
deliveries will be one-half those given in above Table. 

Although pumps of the plunger or single-acting type only propel 
the water during the " in " stroke, the mean speed should be calculated 
as though pump were of the solid bucket, or double-acting type, since 
the water, when in motion, travels at very nearly the same speed in 
each case,— air vessels producing little effect at the high pressures now 
used. 

Feed pump plung^ers. — These should be of good gun-metal, and 
when of the single-acting ram type may be of thickness given 

Rule 158. 

Thickness of metal of plunger- ^?iL2+ 15 inch, 

where P is working pressure in lbs. per square inch, and D is diameter 
of ram in inches. 

The greater thickness at the end should merge gradually into 
the thickness of body, and the corner of the inner end should nave a 
radius of about -4 x diameter of ram, when the end is not made 
quite hemispherical. 

Feed Tanks. — To avoid waste of water througli the occasional 
overflow of the hot-well, it is the rule in the Navy to fit a feed-tank, 
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or sapplementary bot-well, into which the air pttmpa deliver, and from 
which the feed pum^ draw ; and, where freeh water only is used, 
such an arrangement is quite necessary. 

Rule 159.— The size of tank is usually ahont 1 cubic foot for every 
40 I.H.P., but where space is obtainable, and weight is not very 
mach restricted, a greater capacity is very desirable. 

The tanks are commonly of ^^e'U^cli steel plates, flanged over and 
single riyeted, stayed for a pressure of 10 to 15 lbs. per square inch, 
and galvanised after completion. Each tank should have a manhole, 
an air pipe, an overflow pipe, three or four zinc blocks to prevent 
corrosion, and a water gauge giving a visible range of at least 3 feet ; 
and where there are two or more engine rooms, with a tank in each, 
the various tanks should be connectBd one with another. 

The feed-tanks should be placed as close to the air-pumps, and as 
low down as possible ; where they are under the platforms a float and 
index is more convenient than a water-nauge. 

Reserre Tanks, &c.— Rule zte.— -Where the boilers are fed with 
fresh water only, a sufficient reserve supply should be carried to 
provide about 21 cubic feet, or say 1800 lbs. "make up," or auxiliary 
feed, per 100 I.H.P. per *24 hours. 

This supply may either be carried in reserve tanks, in the double 
bottom or elsewhere ; or may be produced as required by evaporators 
delivering into the L.P. valve-casing, or into the condenser ; or, a 
combination of these two methods may be employed. 

Feed Heaters. — Various types of feed heater are now in 
common use ; and, where space and weight allow of their adoption 
they are, without doubt, a very desirable adjunct, since they Keep 
a great deal of deposit out of the boilers, and, —when the exhaust steam 
from the auxiliary engines can be used in them, — save a considerable 
amount of heat that would otherwise be wasted. 

Board of Trade Rules relating: to Feed Pumps, Pipes, &c. 

Panigpraph 136. — Each boiler of a passenger vessel, whether 
old or new, should be fitted with suitable check valves between it and 
the feed pipes, and the boilers of all new passenger vessels, passenger 
togs, and other small passenger vessels, should be fitted with separate 
feeding arrangements in addition to, but unconnected with, the main 
feed pipes and valves. It is desirable that the main feed check valve 
chest on each boiler be separate and distinct from that of the 
auxiliary feed, and that a stop cock or stop valve be fitted in each 
chest or between each chest and the boiler, so that the latter may be 
shut off, and either of the check valves examined while the other feed 
is at work. In very small vessels an efficient hand-pump, instead of 
the donkey piimp* niay be passed if the Surveyor has satisfied 
himself as to its efficiency when steam is up, and provided there are 
separate feed pipes and valves as directed above. This is to apply 
also in the case of old vessels of the above description, when bemg 
fitted with new boilers. 
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The SnrveyoT should discourage the practice of using the same 
pump for the bilges and for feeding boilers* 

Lloyd's Rules relating; to Feed Pumps, Pipes, &c» 

26. The engines are to be fitted with two feed pumps, each capable 
of supplying the boilers ; the pumps, &c., to be so arranged that 
either can be overhauled whilst the other is at work. 

28. In engines of 70 H.P. and under, one feed pump will be 
deemed sufficient, provided it is of adequate capacity. 

The main feed pumps may be worked by independent engines, 
provided they are fitted with automatic regulators for controlling 
their speed. If only one such pump is fitted for the main feed, the 
auxiliary feed pump required by paragraph 31 should also be fitted 
with an automatic speed regulator. 

31. A steam pump is to be provided capable of supplying the 
boilers with water, and is to have suctions from hot-well and from 
sea. A steam pump is to be so fitted as to pump from each com- 
partment, to deliver water on deck, and, if no hand pump is fitted in 
engine-room, it must be fitted to be worked by hand. In small 
vessels in which only one steam pump is fitted, it must comply with 
all these requirements. 

BILGE PUMPS. 

There is no basis of calculation for the size of these pumps, and no 
generally recognised rule. For jet condensing engines they are 
generally of the same size as the feed pumps, and for surface 
condensing engines the following rule may be used : — 

Rulei6i. Capacity of Bilge pump=5i225itZ_^fCy!inder 

oOO 

In the case of a compound engine, capacity of L.P. cylinder is to be 
understood. 

Where the pumps are driven by the main engines there should be, — 
except in the case of very small engines, — two pumps of the size 
given by the above rule, arranged so that either may be worked quite 
independently of the other, and be readily put out of gear when not 
required. 

The hinged clack valve is the best for this class of pump, as it is 
less likely to choke than other types. 

Covers or doors of pump valve-boxes and mud-boxes should be 
secured by hinged bolts and some form of wing nut, in order that 
they may be easily and quickly removed, and replaced whenever the 
choking or stoppage of the pump renders it necessary. 

All strainer, or mud, boxes should be placed in easily accessible 
positions above the floor-plates, as terminal rose-boxea are always 
troublesome, and may be a cause of serious danger. 
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The "directing," or "distribution" valve boxes should also be 
above the floor plates, and easily accessible ; and each cover, or hand- 
wheel should bear a name plate indicating the compartment with 
which it opens communication ; a very good, and also very cheap 
plan, is to cast the required letters or words on the upper face of the 
hand-wheel rim. 

Where one bilge pump must also act as wash-deck or fire pump (to 
comply with Board of Trade regulations), a three-way open -bottom 
cock, with one port in plug, shomd be fitted, to prevent the possibility 
of sea water entering the ship ; when the pipes are over three 
inches in diameter, however, it is not always convenient to fit a 
cock, and non-return valves may be fitted, — though they are less 
safe than the cock. 

Board of Trade Res:ulation referring^ to Bilge Pipes, &c. 

Paragfraph 139. — In all cases where pipes are so led or placed 
that water can run from the boiler or the sea into the bilge, either by 
accidentally or intentionally leaving a cock or valve open, they 
should be fitted with a non-return valve and a screw not attached, 
bnt which will set the valve down in its seat when necessary ; the 
onlv exception to this is the fireman's ash cock, which must have a 
cock or valve on the ship's side, and be above the stoke-hole 
plates. 

Lloyd's Rules relating: to BUge Pumps, Pipes, &c. 

27. The engines are to be fitted with two bilge pumps, which are 
to be so arranged that either can be overhauled whilst the other 
is at work. 

28. In engines of 70 H.P. and under, one bilge pump will, be 
deemed sufficient, if of adequate capacity. 

29. A bilge injection, or bilge suction to the circulating pump, is 
to be fitted. 

30. The engine bilge pumps are to be fitted to pump from each 
compartment of the vessel. The mud-boxes and roses in engine- 
room are to be placed where they are easily accessible, and to the 
satisfaction of the Surveyor. 

31. A steam pump is to be provided capable of supplying the boilers 
with water, ana is to have suctions from hot- well and sea. A steam 
pump is to be so fitted as to pump from each compartment, to 
deliver water on deck, and, if no hand pump is fitted in engine-room, 
it must be fitted to be worked by hand. In small vessels in which 
only one steam pump is fitted, it must comply with all these 
requirements. 

35. Bilge suction pipes to be arranged to pump direct from each 
compartment, — ^the roses to be fixed in easily accessible places ; 
for numbers and sizes of suctions required, see Rules relating to hulls' 
of ships, p. 276*. 

10 
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48. Cocks and valves connecting all suction pipes to be fixed above 
the stoke-hole and engine-room platforms. 

44. The arrangement of pnm^s, bilge injections, suction and 
delivery pipes, is to be such as will not permit of water being run 
from the sea into the vessel by an act of carelessness or neglect. 
Any defective arrangement to be reported to the Committee. 



PUMP LEVERS AND LINKS, &c. 

In order to obtain quantitative results for guidance in proportioning 
pump gear, it is necessary to assume some maximum load per square 
inch of bucket, and the load here assumed is 30 lbs. for both air and 
circulatiDg pumps. 

Pump levers. — ^The strength of these may be determined by 
means of the ordinary rule for beams, — 

Rule 162. ^"^' 

and, — when the central hole cut in the plate to admit the gudgeon 
boss does not exceed '4 x depth of beam, and the attachment of the 
central boss or gudgeon flange is made with rivets in the usual way, — 
the values of/ may be as follows : — 

For thin plates, /=4f)00 for screw engines, and 5500 for paddle 
engines. 

For solid levers (forged) /= 5500 for screw engines, and 6500 for 
paddle engines. 

In determining z I ^-^\ t ^^ four times the thickness of the 



(-?) 



plate, for ordinary plate beams, and d is the total depth or width of 
the plate at the gudgeon. 

A lower value of / is adopted for screw engines because, owing to 
their higher speeds, there is a much greater liability to severe strains 
from sudden starting and from irregular action of the air-pump. 
When air and circulating pump are Doth driven by the same pair 
of levers, the values of/ should be reduced 15 per cent, — as one lever 
of the pair may have to cany considerably more than half the load 
at times. 

The outline of the lever is often determined by drawing lines 
tangent to the previously determined radii at centre and ends, but 
this gives rather a clumsy-looking form, and is, of course, heavier than 
one in which the modulus of section varies more nearly as its distance 
from the centre or fulcrum. 

Pump links. — For the various reasons stated above, the bolts in 
pump hnks require to be made very heavy. 

Rule 163. —The link bolts of paddle engines, when two in number, 
may carry loads equal to those given in Table XXXI. ; and when four 
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in number, 10 per cent less, or 20 per cent, less according as air- 
pump only, or lK>th air and circulating pump are driven by one pair 
of leyers. The link bolts of screw engines (usually four in number) 
may, in similar drcumstances, carnr loads 30 per cent, and 40 per 
cent, below those given in Table XXaI. , page 73. 

The loads that nnk bolts may cany under the various conditions 
mentioned will then be as follows : — 



Table XLIX.— Strengths of Pump Links. 



Diameter 
of 


Total load in lbs. on one bolt 


Paddle Engine. 


Screw Engine. 


linkbolt 












in 






Four bolts 




Four bolts 


indieB. 


Two 


Fonr bolts 


(air and 


Fonr bolts 


(air and 




bolts. 


(alr-pamp>. 


drculating 
pumps). 


(air-pump). 


circulating 
pnmpsX 


1 


2,160 


1,930 


1,720 


1,500 


1,300 


1% 


3,000 


2,700 


2,400 


2,100 


1,800 


134 


4,200 


3,800 


3,400 


2,900 


2,500 


IX 


5,400 


4,800 


4,800 


3,800 


3,200 


1% 


7,100 


6,400 


5,700 


6,000 


4,200 


1% 


8,500 


7,600 


6,800 


6,000 


5,100 


1% 


11,000 


10,900 


9,300 


7,700 


6,600 


1% 


13,100 


11,800 


10,500 


9,100 


7,800 


2 


16,100 


14,600 


12,800 • 


11,200 


9,600 


234 


20,400 


18,300 


16,200 


14,200 


12,200 



When the links are composed of pairs of parallel bolts, on to the 
ends of which the brasses are threaded, it will generally suffice to 
make the diameters of the middle portions of the bolts, between the 
brasses, the same as those of the end or bolt portions, — since the 
compressive stresses are usually much less than tne tensile. 

When the length of the plain or middle portion of the bolt reaches 
20 diameters, however, it is advisable to substitute one central rod 
with T ends for the two parallel ones. 

If, in any case, the links are so placed that the compressive 
stresses exceed the tensile, and if the length of link be more than 
10 diameters of bolt or pillar, but less than 24 diameters, a careful 
estimate of the compressive stress should be made (with due 
allowance for sudden starting, unequal loading, &c.), and the diameter 
be determined by means of Kule 69 ; in the case of a '^parallel bolt " 
link the length may be taken as the length of the middle portions of 
the bolts, between the brasses, but for a ''central pillar link the 
length should be taken from centre of pin to centre of pin. 

As the stroke of the pumps is commonly less than the stroke of the 
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piston, the load on the links at the piston-rod end of the levers 
18 less than the load on those at the pump end in inverse proportion 
to their distances from the fulcrum of the lever. 

Surfaces of pins. — Rule 164.— The surfaces of the various pins 
(diameter x length) to which the pump links are attached, should be 
such that the load does not exceed 800 lbs. per square inch in large 
engines, and 600 lbs. per square inch in engines indicating less than 
500 horse power. 

Pump crossheads. — ^These should be calculated as beams loaded in 
accordance with the circumstances of the case. 

Rule 165. — Considering the sections usually employed, and the 
nature of the load, the value of /for wrought-iron or steel may be 
taken at 7000. For general formula for beams, see pp. 298-305. 

Pump lever gudgeons.— The load on the pump lever gudgeon, 
and on its bearings, cap bolts, &c., is the sum of the loads on the 
two ends. The cap bolts should not carry CTeater loads than link 
bolts of corresponding diameters. {See Table XLIX., ps^ 147.) 

Rule x66. — The bearings may carry a load not exceemng 600 lbs. 

Ser square inch. The diameter of gudgeon will be most conveniently 
etermined.by considering the stresses to which it is subject as 
shearing stresses simply ; uen, — 

Rule 167. Diameter of Gudgeon « 



/^ 



where S»the sum of the total loads on the two ends of the pair of 
levers ; 
K— 1200, — when there are two bearings, one close to each 

lever, as is usual in screw engines ; 
K— 1600, — ^when there is only one lever in place of a pair, with 
very short gudgeon and bearing at each side close to 
lever, as frequently fitted in paddle engines. 
When bell-crank levers are used, the magnitude and direction of 
the stress on the gudgeon bearing will still be, — as in the case of 
straight levers, — the resultant of the stresses on the links at 
the ends. 

SLIDE-VALVES. 




Fig. 32.— Conmion Locomotive Slide- Valve. 
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Fio. 83.— The Trick Valve. 




Fig. 34. — Common Double-Ported Valve. 




Fig. 35.— Clmrch*8 Patent Valve. 
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86.— The Piston Slide- Valve. 



Travel of Valve.— (Rule i68) The travel of a slide-valve should 
be from 2^ to 3 times the length of the steam-port in cylinder face, 
measured parallel to axis of slide-rod. 

As the work done in moving the valve is nearly proportional to 
the length of travel, it is important to keep this faUer as short as 
possible, and the best way of eflfecting this is to use double or 
triple-ported valves. 

Single-ported valves should not be used for cylinders of more than 
25 inches diameter; whilst triple-ported valves can only be con- 
veniently employed for large engines of fairly long stroke, and are 
therefore not usually applicable in Naval work. 

Since the introduction of the triple engine, the piston-valve has 
been re-introduced, and is at present, the least objectionable form of 
valve that can be used for H.P. cylinders ; their worst feature is 
their inability to leave the face when any dirt or grit is deposited on 
it, and the consequent severe strains that may be thrown on the 
valve-gear ; also, as ordinarily fitted, they are not so steam-tight as 
the flat valve. 

Surface of Valve. — Flat slide-valves often give unsatisfactory 
results owing to want of sufficient bearing surface, — that is to say, 
the pressure per square inch of rubbing surface is too great, and 
undue wear, cutting, &c., result 

Where the ports are more than 20 inches wide, the surface should 
be increased by the insertion of a central bar, and in large faces there 
may be three or four bars, dividing the ports into widths of 16 to 20 
inches. Care must be taken to provide proper grooves or recesses in 
these bars, and also in the side oars, to admit of the entry of steam 
for lubricating purposes. 

Area of passages in valves. — In comparatively slow-moving 
engines, where weight is not of great importance, the areas of steam 
and exhaust passages in double and triple-ported valves may be 
10 or 15 per cent greater than the port areas in the cylinder faces, 
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bat in other cases the areas should not exceed those of the cylinder 
ports. 

Relief-rui|^. — Flat slide-yalyes shonld be fitted with some arrange- 
ment for relieving the pressure on the back, and so reducing wear 
and tear, and the driving power required ; and they also require a 
spring of some sort to re^ace them against the face, when they have 
l^en caused to leave it by the presence of water in the cylinder, or by 
other causes. 

A very simple and cheap method of effecting both of these objects 
is to use a circular gun-metal *' relief-ring," of angle-bar section, held 
oat by about six spiral springs, against the valve-box door or other 
flat surface, and packed steam-t^ht by means of an india-rubber 
or asbestos ring. 

Rnle 169, — ^The pressure per square inch of rubbing surface, 
imposed by the springs, should not exceed 2H lbs. 

Small valves may have one relief ring, and very wide ones two 
rings side by side ; the areas may be made as large as can be got on 
the valve backs, when the relief pipe from M.P. valve is led to L.P. 
receiver, and that from L.?. valve to condenser in the usual manner; 
a greater difference of pressure than given by this arrangement is 
not desirable, as it would then be difl&cult to prevent leakage. 

Port openings. —With given leads and cuts-off, both reckoned 
as percentages of the stroke of piston, the openings to steam are 
proportional to the travels, and may therefore De increased or 
diminished by increasing or diminishing the travel. 

Lead of valve. — ^The lead given to the valve is generally decided 
arbitrarily, and varies from a bare Vis uich in small auxiliary engines 
to 134 inch in large L.P. valves ; but the piston sped and momentum 
of moving parts should be taken into consideration, as in M.P. and 
LP. cylinders the compression is rarely sufficient in itself to absorb 
all the momentum, and a certain amount of lead is necessary to 
prevent shock. 

The extent to which the engine will probably be run " notched " or 
"linked " up should also be considered. 

Ordinarily, when the valves are properly set, the lead at the back 
or top end will be about half that at the front or bottom end, and 
the cut-off at the crank end will be earlier than at the other, 
bnt this will be compensated for by the larger opening and fuller 
diagram obtained. 

Inside, or exhaust, lap.— As regards inside lap, the common 
plan of making len^h' of exhaust port in valve exactly equal to 
(exhaust port in cylmder face + the two bars), — and then setting 
the valve so that its mid-position is slightly further away from the 
crank than the mid -length of the exhaust port in cylinder face, — 
tends to equalise the compressions, and gives very satisfactory results. 
For a quick-running compound or triple engine, exhaust from 
H.P. cylinder should commence at '85 of the stroke, and for a 
slow-working paddle engine, not later than '95 of the stroke. 
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Proportions of slide-valves.— Figures 37 and 38 show some of 
the elementary proportions of the common, and of the Trick valve. 




Fio. 37. — Proportions of a Common Valve. 




Fig. 38.— Proportions of a Trick Valve. 
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Let X be the outside lap of the valve at the front end, and y that 
at the back^nd. Then (Fig. 37),— « 

H-^+a;; andK-|.+y. 

Also, let z be the iriside lap at the front, and w that at the back. 
Then (Fig. 37),— 

B-il-z; andO"~-'M7. 
2 ' 2 

Referring now to Fig. 38, — let a;, t^, 2, and to be the laps as before. 
Then,— 

H-J+a:; andK-|-+y. 



Fig. 39.— Diagram'of the Piston Path. 
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Also, — 

B--|l.-«; and C--J-'M7. 
2 2 

A=-^+ % inch ; and D-^ + H inch. 
2 2 

The openings through the yalve laps or covers must be as large as 
possible, but need not exceed the ordinary opening of the valve to 
steam at the outer edge ; then,-^ 

G+P-K+N; andG+Q=H+M. 

Valve diagrams. — Figures 39 and 40, when combined and used as 
described below, show at a glance the complete cycle of the operation 
of any proposed valve, and also the effect of varying any one of the 
elements, — travel, laps, leads, or openings. 



Tr<nU. 
or Crank 



iLBoA 




Fio. 40. — Zeuner's Diagram for the Common Valve Motion. 

In constructing the diagram for a i)roposed valve, the diagram 
Fig. 40, the extreme diameter of which is equal to the travel of the 
valve, should be placed in the centre of the diagram Fig. 39, — the 
former being drawn full size, and the latter % inch or 1 inch to the 
foot, as found most convenient. 

Referring to Fig. 39, the outer circle TT'F represents the top or 
back end of the cylinder; the inner circle BB'E represents the 
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bottom, front, or crank end ; and the eccentric circle givee the 
position of the piston corresponding to any angolar position of crank. 
The diagram is drawn by setting off CD equal to cranky and DT equal 
to connecting rod, and wen swinging DT round on D as a centre. 
T is the position of piston on top or back centre, and £ its position 
on bottom or front centre ; and the position corresponding to any 
other position of crank, — such as CR, — is found by producing 
CR to cut the circles, when FT is the distance of the piston from one 
end of cylinder, and PB' its distance from the other. 

Referring now to Fig. 40, the problem most frequently met with is, 
—Given the travel, leads, and cuts-off, to determine the laps and 
position of eccentric, — and it is solved as follows : — 

Draw CE so that, when produced, it will cut the eccentric circle at 
a point corresponding to the given point of cut-off (i.«., if cut-off is 
to be at a; incnes from the back end of the stroke, the point in the 
eccentric circle must be x inches from the outer circle) ; then AC£ is 
the angle through which the crank must move to arrive at the 
position of cut-off, With A as centre, and radius AF equal to the 
lead, draw part of a circle, atad then draw £E. Next, draw CD 
perpendicular to, and bisecting £E in L. Then CL is the lap 
required, and BCD is the angle between the crank and eccentric; 
and since CD is the half-travel, LD is the maximum opening of port. 

To extend the usefulness of the diagram,— on CD as diameter, 
describe a circle ; and from centre C with radius CL, strike the arc 
GLM, which is called the lap circle. The part GH is then equal to 
AF, and represents the lead, or opening of valve when the crank is 
"on the centre," or in the position CA. XY likewise represents the 
port opening when the cranK is in position CY. 

To aetermine the operation of toe valve at the other end, produce 
DC to D', and describe a circle on CD'. Then let H'G' be the lead at 
this end ; from C, with radius CG', draw the lap circle G'UW, and 
through C and M' draw C£'. Then C£' is the position of the crank 
at cut-off, and CG' is the lap. 

The positions of the crank, when the port commences to open, are 
CKandCK'. 

If the valve has no inside lap («.tf., if the ports are both just closed 
to exhaust when the valve is in mid-position), release will occur when 
the crank is at CR, a position at right angles to CD, and compression 
will commence at CR', also at right angles to CD. 

If, however, the valve has positive inside lap at the front end, and 
negative inside lap at the back end, the positions of release and of 
commencement of compression will be altered as indicated, release 
taking place at S and S', and compression commencing at Y and Y'. 

The points S, S' and Y, Y' are obtained by striking the small arcs 
indicated with the inside lap as radius ; of course, if the lap is 
positive, the valve wiU open for exhaust later and close earlier ; but 
if the lap is negative, the exhaust will be earlier and the compression 
commence later. 
To obtain the position of piston corresponding with the various 



156 



SLIDE VALVES. 



crank positions, each radial line indicating a crank position must be 
continued until it meets the outer circle TFF, and the position of 
piston can then be scaled off. 

Effect of linking up.— The effect of ** linking up " on the operation 
of the valve is most readily exhibited by the application to the above 
diagrams of the following very closely approximate constmctioD, 
suggested by Mr Macfarlane Gray : — 




Fia. 41.— Diagram showing the effect of " Notching up." 

Suppose the link (Fig. 42) to be notched up so that the link block 
M is distant MT from the point at which the eccentric rod is attached 
to the link. 




Fig. 42.— Link Motion "Notched up." 



OFSN AND CROSSED RODS, BTa l57 

Draw the valve dia^pram (Fi^. 41) due to the position and throw of 
the eccentrics in Fig. 42, and throngh D and D' draw the arc of a circle 
with a radius found as follows : — 

Radiiis-^^g5' (see Fig. 42). 

Then divide this arc at Z so that DZ is to DD' as TM is to TN ; 
joiQ CZ, and on it as diameter describe a circle cutting the lap circle 
in L and E ; and draw the lines CL and C£, the former indicating 
position of crank when valve opens, and the latter the position when 
valve closes. 

It will thus be seen that the effect on the valve of notching the link 
up to the point M is the same as though it were driven by an 
eccentric having the angular position and eccentricity CZ ; the 
lead is earlier, the opening is reduced to EZ, the cut-off is 
earlier, and a further examination would show that release occurs 
earlier, and compression commences earlier than when in full 
gear. 

Open and crossed rods. — ^When the eccentric rods are arranged 
as shown in Fig. 42, the^ are said to be **open," but when the gear 
is so arranged that D is joined to N, and Ir to T, whilst the crank 
remains turned away from the link TN, the rods are said to be 
"crossed " ; in the diagram for this latter case the arc DD' must be 
drawn convex towards C, or its centre must be on side A. 

When it is intended to work the engines linked-up to any con- 
siderable extent, the rods should be of the ** open " type, as a greater 
range of expansion can be obtained with less reduction of port open- 
ings than is possible with ** crossed " rods. 

Overhung^ gear.— Where the valve-gear is of the ** overhung'* 
type (i.tf., the type in which T is always outside of M, even in full 
gear), the diagrams are constructed on the same principle as Fig. 41, 
and the position and eccentricity of the eccentrics are determined by 
producing the arc DD', and taking a point Z' beyond D, so that Z'D 
is to (Dr)' + 2Z'D) as TM is to TN, and joining CZ'. CZ' is the 
required eccentricity of the sheaves, and BCZ' is the angle between 
them and the crank. 

Obliquity of eccentric rods. — The valve diagram, as above 
described, takes no account of the effect produced by the obliquity of 
the eccentric rods ; when the rods are so short as to make this 
disturbing effect noticeable, the diagram may be corrected as 
follows : — 

From A and B (Fig. 43) drop perpendiculars AN and BN' upon 
RR', and through N and N', with length of eccentric rod as radius, 
strike an arc; also, with same radius, strike similar arcs through 
and P and 0' and P'. Then, if the points where these arcs cut the 
travel circle be joined with C, the corrected crank positions, at which 
the various events of the cycle occur, will be obtained ; the radial 
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lines indicating these new crank positions may then be produced 
outwards so as to cut the eccentric circle and indicate the piston 




^acA 



Fig. 43. 

positions as before. The correcting arcs for the exhaust laps have 
been omitted as tending to complicate the diagram, but they will be 
drawn on either side of the arc NN', at distances from it equal to 
the laps, and will give new points on the travel circle in a precisely 
similar way. 

When the eccentric rods are very short, and the locomotive or 
''slot " link is used, as in some types of horizontal engine, no diagram 
will give more than approximately accurate results, and the final 
adjustments should be made on a model ; one that will serve every 
purpose may be rigged up on a drawing board with a few pieces of lath 
and some stout pins, in little more than half-an-hour. 

For the solutions of other problems connected with the dia^am for 
the ordinary slide valve, and for the methods of constructing diagrams 
for various types of expansion valve, see Mr Seaton*s "Manual of 
Marine Engineering." 

Diagram for oscillating engine— When the diagram Fig. 39, 
is applied to the case of an oscillating engine, the eccentric circle 
deviates slightly from a true circle, owing to the fact that there is 
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viitoAlly a connectuig rod of Ttrying lenffth ; the neoessaiy correction 
in the eccentric circle may be made as foDows : — 




Let A be the tninnion centre, and BLE the crank path ; divide the 
half crank path into any number of equal parts (say six), at K, H, G, 
&c. ; join each point with A ; and from A, with radius AB, strike the 
are BDC. Then, referring to Fig. 45, set off the corresponding points 
E, F, G, Ac, and transfer the lengths ED, FD, GD, Ac, from Fig. 
44 to the positions indicated by the corresponding letters on Fig. 45, 
and through the points D, D, D, &c., draw a curve ; this curve will 
then be the true curve of successive positions of piston corresponding 
to the crank positions indicated by any radial lines. 

GL in Fig. 45 (page 160) must, of course, renresent GL in Fig. 44, 
either to the same or some other convenient scale. 



VALVE GEAR 

It must be understood that the various proportions given in the 
following sections on '* Valve Gear" and '* Eccentrics" are such as 
are suitable for ordiruiry speeds of engines of the two categories. 
Naval and Mercantile, and that both increased strengths and increased 
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surfaces will be required if the engines are to run at exceptionally 
high numbers of revolutions. 



\ 



\ 



\ 



Fig. 45. 



Valve or slide rods. — ^The power requisite to move a slide valve 
on its face is a constantly varying quantity, and care must be taken 
to use its highest ordinary value in all calculations for dimensions of 
valve gear. 

To obtain this, the gain from using any relief arrangement, and 
also that due to the pressures on some portions being in equilibriam, 
should be neglected, and the total pressure on the valve taken as the 
maximum difference of absolute pressures between which it works, 
acting on its gross area, — these pressures being those of the steam- 
chest or receiver on one side, and those of receiver or condenser on. 
the other. 

If L be the length and B the breadth of a valve, both in inches ; 
d the maximum pressure per square inch, obtained as described above, 
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and *2 the coefficient of friction for metallic surfaces rubbing together 
dry; then,— 

Stress on valve rod-*2 (LxBxj»)lbs. ; 

and,— Rule 170,— 

Smallest diameter of valve rod- v 12500^ **"'^^ ' 
and,— Role X71,— 

Diameter of valve rod in g^land- V 6600 ^ "^ '^^' 

The value of p should be taken as 30 lbs. for L.P. valves, and, as 
it is desirable to have the rods all of the same dimensions, the highest 
value of the above expression for any one cylinder should be used 
for all. 

When piston-valves are used for the H.P. cylinders, the valve-rod 
is usually made of the same size as those for the flat slides of the M.P. 
and L.P. cylinders. 

TheoreticaUy, the power required to move a piston- valve should be 
little more than is necessary to overcome the friction at the stuffing- 
box, but practically, — as mentioned under "Slide-valves,"— the power 
required is greatly in excess of this, and may have almost any 
value. / 

The above-mentioned diameter at the gland [ which is on an average 

«««:»-i^«* *« Extreme diameter of valve \ • ^ j v* *. xv 

equivalent to -^ J, is, no doubt, greater than 

necessary, but is convenient, and gives ample stren^h, — a considera- 
tion of perhaps greater importance in marine than in any other class 
of work. Some makers have used rods of diameter at the gland equal 
X Extreme diameter of valve 

13 
Rule 172. The cap-bolts for valve-rod end or eye must each caiTy a load 

equal to K^^'^^P) ^j^^ ^]jg gj^e suitable for this load will be found 
2 

from Table XXXI., page 73. Their diameter will be fbund to very 
closely approach '50+ '2 inch, where D is diameter of valve-rod 
found by Rule 170 above. 

Valve-rod gfuides.— All valve-roda should be fitted with guides, 
placed as close to the link as possible ; and, if they are not fitted with 
balance pistons, they should have ^ides at the tail ends as well. 

The most satisfactory form of guide is one resembling a piston-rod 

slipper guide of the "single" type {i.e, one shoe and one guide for 

, both ahead and astern) in miniature, — the shoe beins cast with a 

small tubular crosshead which is bored to fit the valve-rod, and secured 

on it by a through cotter. 

When this type is not adopted, and the guidS is made to embrace 
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the val7e-rod just below, or outside of, the gland, a square or two flats 
should (whenever space is available) be formed on the rod to take tbe 
guide, — as the vanous joints of the gear will then be to some extent 
relieved of the twisting stresses, due to the eccentrics and rods not 
being in exactly the same plane as the axis of the valve-rod, and will 
in consequence run longer without overhauling. 

Reversinfi; quadrants, or " links/' — The old slot-link still 
retains its pmce, as the most convenient of application in oscillating 
paddle engines, and in some types of horizontfu. screw engines. 

Its principal proportions should be as follows — the unit D being the 
diameter of valve-rod as found by Rule 170 : — 




Fig. 46. 

Rule 175, a to k. 

(a) Centres of eccentric-rod pins (E) 2*75 to 3 x throw of eccentrics. 

(5) Breadth of Hnk(F) l-lD-f-4 inch. 

W Thickness of bar (C){:i*^"^dge . . ^^D+;25„ 

i^ " ..(C'){:il„,:;: : -. -^Etfs :; 

(e) Length of block (H) 2-6 D-H „ 

(/) Width of slot (K) 1-4G-I--36 „ 

(,) Diam. of eccentric-rod pin (A) { -^^-^, ^^^^ ,,, gt"^' L' 

/i.\ A^^» ,^A ^i^ fvt\j as in fig. . . '55 D+ '25 „ 

(A) ,. drag.rodpin(B)|^^^^^^»^^ri^g^ ^ -8 0+ -26 ,, 

/-•\ vi^^i, ^4^ /n\ f when overhung . . l*4D-l-*25 „ 

0) „ block.pin(G)|^^^j^^^^^^^^»^ 1.3D-f-25 „ 

/7\ J A i. A fifone . . . -7 0-1- -25 „ 

{k) „ drag-rod at ends |.f^^^ ^ •48D-f-25 „ 

Theoretically, surfaces may be a little smaller for paddle engines, 
but it is better to give the extra surface and make them same as for 
screw engines. 

For all vertical engines, and in all other cases where possible 
excepting where L.P. cylinder is below say 25 inches in diameter), 
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the donble-bar link is preferable, as large working snrfaces and pins 
are more easily obtained, and they are more accessible and more easily 
adjusted. 

The principal proportions of the double-bar link should be as 
follows,— the unit being again D, or diameter of valve-rod as found 
by Rule 170:— 

Rnle Z74, a to n. 

(a) Centres of eccentric rod pins . . . 3 x throw of eccentrics, 

or roughly 7 '8 D. 
{h) Depth of bars 1 '4 D + 76 inch. 

(c) Thickness of bars 'SD+'IS it 

(d) Width between bars and thickness of valve- 1 1 .o n + '26 

rod eye when eun-metal or bronze block J" -l* + ^*> •» 
(«) Width between bars when cast-steel block \^ .^.^ j^, .gr 

and gun-metal liners . . . |aoou+zo n 

if) Dia. of valve-rod eye (G. M. or bronze block) 1 '66 x depth of link-bar. 
(^) ti It (steel block and G.M. liners) 1 X u it 

ih) Length of sliding block . . . . 3 D to 3*75 D. 
ij) Diameter of eccentric-rod pins . *85 D + '6 inch, 

(fc) Length tt h . 7D+-4 n 

(0 Diameter of drag-rod pins . *7x diameter of eccen- 

tric rod pin. 
(to) Length n n . . . 1 x length of eccentric 

rod pin. 
{n) Diameter of bolt through ends of link \ '35 x depth of link 
bars J" bar. 

For proportions given by above rules, see Table L. (page 164). 

Whether the links are forged from iron or steel, all the pins and 
working surfaces should be thoroughly case - hardened befoi^ 
completion. 

Position of suspension pins. — It is sometimes convenient to 
place the suspension, or drag-rod pins at the end, in the case of the 
slot link, but, when possible, they should always be placed at mid- 
length of the link, — so as to coincide in position with the block-pin 
when the link is in mid-gear, — as there will then be the least 
"slotting" motion, or "wash" of link. 

When the block-pin is at the half-travel position, a line drawn 
from its centre, at right angles to the axis of the valve-rod, should 
bisect the versed sine of the arc described by the centre of the 
drag-rod pin in the end of the reversing lever. 

The reversing lever, when in mid-position, commonly lies parallel 
to the valve-rod, but it is better to incline it slightly away from the 
• valve-rod, and so reduce the "wjish" of link miea in ahead gear, 
whilst increasing it a little when in astern gear. The amount of 
inclination, measured on the arc, may be about one-eighth the length 
of the lever. See Fig. 47 (page 165). 
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The dng-rodfl should, of conne, be as long as thev can conveniently 
be made, and care shoald be taken that the angle they make with the 
reyening lever is not too obtnse when at its m^TiwinTn, 
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When the most convenient length of drag-rod has been fixed 
npon, and the reversing lever arc has been drawn in what is 
apparentlv the best position, the arrangement should be checked by 
drawing down the paths described by the ahead and astern eccentric- 
rod pins on the linK, when respectively in gear. These paths shoald 
resemble attenuated figures of 8 (rather broader for the astern pin), 
and the arc described by the end of the drag-rod, should divide 
them fairly down the centre ; if the division is nearer one side than 
the other, the length of dn^-rod should be altered so as to set it 
right. 

Trial should also be made with higher and lower positions of 
snspension at the lever end of the dEag-rod, to see whether the 
width of the 8's cannot be reduced, or whether they cannot be 
twisted more nearly into line with the valve-rod axis, and so 
virtually reduced in width. 

ECCENTRICS. 

Eccentric sheaves.— These should be made of hard and tough 
cast-iron, and, when made in two pieces, the small piece should be of 
cold blast or other specially strong iron. The line of division 
should always be at right angles to the line through centres of shaft 
and of eccentric, and the key-way should be placed in the centre of 
the large piece. The joint separating the two portions should also 
have a small step in it, on each side of the shatt, to prevent motion 
of either portion in a plane perpendicular to the shaft axis. 

The bolts holding the two portions together may either have 
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rectangular nuts fitted into recesses in the large portion, or ordinary 
nuts, or cotters, placed where the sheave is lightened out, or 
perforated. The recesses in which the bolt heads lie may be filled 
up with white-metal if desired. 

A good method of construction for large sheaves is to lighten them 
out only,— leaving a continuous web or plate, — instead of com- 
pletely pNerforating them ; but the web must be placed dose to one 
side to give room for the set screws for fixing sheave on shaft, and 
holes may be cut through it as required ror getting at nuts or 
cotters. When sheaves are constructea in this way they can be very 
conveniently secured back to back by means of a stout through bolt, 
which has the effect of causing the astern key to always share the 
work of the ahead one, and vice versd. 

Eccentric straps. — These may be of good gun-metal for sheaves on 
shafts up to 10 mches in diameter, but for larger eccentrics they 
should be of cast-steel, with gun-metal liners. 

For small high-speed engines the straps should be of gun-metal, 
lined with white-metal between the side lips. 

The straps should always have side lips, as shown in Figs. 48 and 
49 ; and when gun-metal liners are used they should have external 
projecting rings fitting into grooves in the cast-steel straps, as shovm 
in Fig. 50 (page 167). 





Gm-metdl Strap lined with WktU-metal, 
Fig. 48. 



Coat-steel Stran with Gm-metal liner. 
Fig. 49. 



When gun-metal straps are used, each half should be made thicker 
at the middle, to allow for wear ; and whether gun-metal or steel is 
used, the strap should be stiffened by ribs as indicated in Figs. 48, 
49, and 50, — one central rib being used for steel, and two side ones 
for gun-metal. 

The general proportions of sheave and strap should be as follows, — 
the unit D being still the diameter of valve-rod, as found by 
Rule 170 :— 

Rule 175, A to m. 

{a) External diameter of sheave . 1*2 x (diameter of shaft + throw 

of eccentric), or roughly 7*8 D. 
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( b) Breadth of sheave at strap 

( c) Thickness of metal ronnd shaft 



(d) 



at circninferexice 



r Mercantile 

I Naval 
pierced sheave 
tiffhtened n . 

t pierced » . 

[ lightened 



D+ '6 in. 
D + 1-26 M 
•6D+ -6 „ 



•46D + 
•4D + 
•4D + 



(«) Breadth of key -660 + 

(/) Thickness » 270 + 

Ig) Diameter of holt connecting portions of sheave . '45D + 

(h) Thickness of O.M. straps at middle (ex. lips) (0 . 'i T>+ 

U) " I' II sides II . 'S3D + 

(k) u cast-steel straps (u;) . '8D + 
(1) „ '-- - 



•26 
•6 

•25 
•4 
•8 

•26 
•6 
•6 
•6 



+ -126 inch. 



G.M. liners for cast- \ Dia. of sheave 
steel straps . . j 70 

(m) Diameter of holts connecting parts of strap . . *6 D + '2 



For proportions given hy ahove rales, see Tahle LI., page 168. 

As a check on the diameter of holts in strap, it should he seen 
that the loads on them are not in excess of those given in 
Tahle XXXI. See page 73. 




FiQ. 60. 
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ECCENTRIO RODS. 1 69 

Eccentric rods.— These should be sound forcings of good wrought- 
iron, — the double-eye at the link end being cut out of the solid 
forging. Thouffh much may be said in favour of the rectangular 
section for the body of the rod, experience has decided that, on the 
whole, the dronlar section is the best. The diameter at the link 
end should be that given by, — 

Riilez76. 

Diameter of eccentric rod at link end - *8 D + *2 inch. 

The diameter at mid-length of rod may be calculated in the same 
manner as a connecting-rod (Rule 69), but for direct-acting engines 
of ordinary construction, — (where the length of connecting-rod is not 
more than 2 x stroke for Nayal engines, and 2)4 x stroke for 
Mercantile engines),— the rods may be made with a straight taper 
from end to end, and may have the following diameters at the ends 
next eccentrics: — 

Rnle 177. 

Diameter of eccentric rod at eccentric ) Naval D 

end .} Mercantile... D+ '4 inch, 

where D has the same value as before. 

The studs by which the T oi^d of the eccentric-rod is secured to the 
strap sihould be of the same strength as the bolts for valve-rod caps 
(Rule 172), and for connecting the two parts of the strap (Rule 175 
m), and their diameter may be calculated m the same manner. 

The cap-bolts at link end of rod should also, collectively, have the 
same strength as the valve-rod cap-bolts ; but, as they will be con- 
siderably smaller, they must not carry so great a load per square inch 
of section at bottom of thread, and their diameter will be easily fixed 
by reference to Table XXXI., page 73. 

Sing^le eccentric gear.— This type of sear is well suited for use 
on small oscillating paddle-engines, where the power required to move 
the valves is not more than one man can easily exert. 

The sheave should be cast with a balance weight, and with 
a "snug" or projection on the side, to engage with the stop on 
the shaft, and should be bored to be a nice working fit on the 
shaft 

The stop should be cut from a turned and bored ring of wrought 
steel, of rectangular section, and should be fixed to the shaft bv two 
or three steel tap screws. The length of the stop may be such tnat it 
will embrace half the circumference of the shaft, and it must be fixed 
centrally opposite to the crank, as the action of the valve is reveraed 
by the interposition of the valve-lever. 

The '*snug" on the sheave will then be placed centrally on the line 
connecting me shaft and eccentric centres, and will have a length, 
measured round the circumference of the shaft, given by, — 
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Len^^h of ''snug^" on sheave > 



C(Half circmnferenoe of shaft) 
—(part of circumference in- 
tercepted between centre 
lines of ahead and astern 
eccentric positions). 

The arrangement will be readily understood on reference to 
Fig. 51. 
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JOY'S VALVE GEAR. 

The general arrangement of one form of this gear is shown in Fig. 
62. The method of laying down the centre lines is as follows : — 

Take a point d (Fig. 63, page 172) on or near the axis of the con- 
necting-roa, such that its extreme transverse vibration is about twice 
the fuU stroke of the valve (better rather. more than less) ; and through 
its extreme positious d^ d^ draw zz. Then mark off e and «i, — ^the 
extreme longitudinal positions of the point d^ — and from these points 
draw two lines to meet in a point/ on sss, the position of which is such 
that the angle eft is not more than W (if there is room, a less angle 
is better). 



jot's valve okar. 
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The point /should be controlled so as to move as nearly as possible 
on the line s; this may be effected either by an '* anchor" 
link 2, — ^which may be placed on either side of 2z, — or by a sliding 
guide. 




Next, on the yalve rod centre 5, mark off g^ and g^ so that gg^ is 
equal to lap + lead for the top or back end of cylinder, and gg^ equal 
to same for crank end of cylinder. Then take a point j on the link 
tif so that e^j is about Vs ^ ^> &^d draw jgi^ cutting sss in m ; 
m will be the fulcrum of the lever 3, and will also be the centre of 
the curved reversing block in which the fulcrum slides. When 
swing links are used (as in Fif . 52), in lieu of a curved block, the arcs 
described by the link ends, when in ahead and astern positions, must 
intersect in M, 

The position assumed for j in the first instance is approximate 



172 



jot's valve gbar. 



only, and may not be qnite correct ; its position must be sacb tha 
the point m in the lever jmgi moves to an equal distance on eithe 
side of the centre of the reversing block, — also marked m. If no 
at first quite correct, it will generally be obtained on a secont 
trial. 
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Fig. 53. 

When the gear is correctly set out, the act of moving it from ahead 
to astern gear, or to any intermediate position, should leave the lead 
unaltered. 

The valve-rod link, which is attached at ^, may have any convenient 
length, but the length fixed on determines the radius of the curved 
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^des in the reyeraing block, or the length of the swing links, which- 
ever constraction is adopted. 

It will be noticed that the lap and lead depend on the ratio of jm 
to m^i, whilst the port openings (over and above the leads), depend 
:)nly on the angle to whicn the reversing block is canted, and will be 
about Vfi^^ <'f the distances ssi and ss, respectively. 

Considerable deviations from the above-described positions and 
proportions may be made without materially affecting the nature of 
the results. 

Where the distance from centre of piston rod to centre of valve 
rod is different for the different cylinders (H.P., M.P., LP.), the 
valve-rod link may be inclined as much as 1 in 12, but beyond 
that the point m should be moved, and the lengths jm and mgi 
altered. 

For complete investigation of Bremme's or Marshall's gear see Mr 
Seaton*s "Manual of Marine Engineering." 



REVERSING GEAR. 

For all ordinary types of engine, when size renders hand-gear too 
slow in its action, the simplest and most efficient form of reversing 
engine is the direct-acting steam cylinder, combined with a brake 
cyUnder containing oil or water. A very perfect form of this gear has 
loQg been associate with the name of Messrs Brown of Edinburgh ; 
by the adoption of valve-gear of the "hunting" type they have 
produced a machine which is handled with the greatest ease and 
certainty, and which is, at the same time, quite automatic in its action. 
The action of the gear is as follows: — On moving the hand-lever 
through any fraction of its possible travel, the steam valve is dis- 
placecC ^ opened, a corresponding amount, and the piston begins to 
move ; but, so soon as the gear b^pjis to move, the steam valve be^ns 
tx) return to its central or closed position, and when the piston has 
travelled through the fraction of its stroke corresponding with the 
original movement of the hand-lever, the valve is again central, and 
the gear at rest. 

D&ct steam gears should never be fitted without the brake 
cylinder, as, in careless hands, the steam-power is apt to "take 
charge," overpower the controlling hand-gear, and " carry away " some 
of the brackets, &c. 

Another very excellent type of reversing gear, which is also 
adaptable to almost any type of engine, is that known as the "all- 
round" gear. In this sear a connecting-rod from the main lever on 
the weigh-shaft takes hmd of a crank-pin on the side of a worm-wheel, 
and the worm gearing with this wheel is revolved by a small steam 
engine. ' 

The great advantage of this gear is that, — as implied in its name, — 
it has no "stopts," but can travel round continuously, without risk of 
carrying anything away, and is therefore perfectly safe in even the 
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most careless hands. It has also the farther advantage, — ^resnlting 
from the crank and connecting-rod principle embodied,— of requiring 
little or no power at the commencement and finish of its movement 
from ahead to astern, or vice versdf thus allowing the engine to " get 
way on it" in readiness for the load, and to come easily to rest 
again. The small engine is sometimes made with two cylinders and 
cranks, and is also S9metimes made reversible ; bnt these are both 
very doubtful improvements. 

In all steam reversing gears, arrangements shQuld be made to prevent 
the accumulation of water in the cylinders of the small engine, in 
order that it may be in condition to start instantly when the hand- 
lever is moved. 

Reversing gear v^eigh-shaft. — If the stresses on weigh-shafts 
were purely torsional, the diameters might vary as the cube-roots of 
the powers required to move the valves ; but they have to withstand 
severe bending stresses, and must also remain fairly rigid under all 
conditions, and to do this, experience has shown that the diameters 
must vary more nearly as the square-roots of these powers, and there- 
fore directly as the diameters of the valve-rods. 

For ordinary triple engines, with H.P. and L.P. valves "outside" 
(or forward and aft of their respective cylinders in the ordinary arrange- 
ment), and piston- valves to U.P. cylinder only, the diameter of weigh- 
shaft is given by the following rule : — 

,.. . . , , « / /LxBxp \ 

Diameter of weigh-shaft»2 x i yy/ ^2 500 "*" '^^ ) 

But the quantity within the brackets is equivalent to the smallest 
diameter of valve-rod {See Rule 170), so that the rule for diameter of 
weigh-shaft may be written, — 

Rule 179. 
Diameter of weigh-shaft « 2 x smallest diameter of valve-rod. 

In some cases it may be possible to save a little weight by tapering 
parts of the weigh-shaft, but, as a rule, it is better to use a practically 
parallel shaft, and, if weight is of sreat importance, make it hollow, 
as is commonly done in the case of Wge Naval engines ; the necessary 
stiffness is then maintained without difficulty, and there is no fear of 
the bending stresses giving trouble. 

When the H.P. and L.P. valves (or either of them) are "inside" 
of their respective cylinders, and the weight-shaft is thereby shortened, 
the necessary stiffness will be given oy a smaller shaft, and the 
diameter may be reduced in the proportion indicated by Rules 80 
and 80a. 

Size of reversing eng^e cylinders. — For ordinary triple 
engines as described above, this may be obtained from the general 
relation, — 
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Rule xSo. ^^y^ - K . . (1) 

where L and 6 « length and breadth of one slide vaWe in inches ; the 
one that gives the highest value of L x 6 x p. 
J? = greatest difference of absolute pressures between which 

valve works {See page ]60) in lbs. per sq. in. 
P «- Boiler pressure — lbs. per sq. in. 
A »- Area of piston or pistons of reversing engine — 

square inches. 
T « Travel of piston or pistons, in feet, required to move 

gear over from " ahead " to ''astern." 
jT J '33 for direct gear. 
*^ " 1 1'6 for '*all round " gear, 
or, substituting smallest area (a) of valve-rod multiplied by 12,000, 
for LxBxj), the formula may be written with quite sufficient 
accuracy, — 

Rule zSoa. ^iL^^«Ki 

a X 12,000 * 



wherpK in/ '42 for direct gear, 
wnere JS., is| g.QO for " all round " gear. 



In their fear of giving too little power in steam reversing gears, 
there is little doubt that engineers often run to the other extreme, 
and give much more than necessary, even when two-thirds boiler 
pressure is assumed. The values assumed for the constants in 
the above formula (1) give ample size, and the constant 1*6 
may even be reduced to 1, if space and weight are of great im- 
portance. 

With "all-round" gears the small engine should not make less 
than 15 revolutions in moving the gear over, and where possible 20 
should be allowed, and up to 25 in large encines. 

The pitch of the worm-wheel teeth should never be less than 1% 
inches, and for large engines 2^ inches is usual ; they should be 
machine-cut, and should have no more clearance than is absolutely 
necessary. 

The worm is usually forged solid with its spindle, and may have a 
diameter of pitch cylinder given by, — 

Rule i8l. 

Diameter of pitch cylinder of worm may be . 3 x pitch of teeth. 

Rule i8za. 
Width of face of worm-wheel „ . 2x ,, 

Rule i8ib. 
Length of worm (actual thread) „ . 3x ,, 
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Suitable proportions for weigh-shaft levers are given in Figs. 54 
and 55. 




ssD 



'37SD 



a 



Mun lever 
Fio. 54. 



^1-20-^ 




Drugf-rod lever 
Fio. 55. 



STEAM TURNING GEARS. 

The best type of taming gear is the now all but universal double 
worm gear, — in which the second, or auxiliary, worm shaft is 
coupled direct to the crank-shaft of the small turning engine, which 
makes from 1200 to 2000 revolutions for one turn of the main 
engines, according to size. The size of cylinder, or cylinders, of 
turning engine should be such that, with say 60 lbs. of steam, the 
main engine can be turned one revolution in from 5 to 8 minutes, 
according to size, which gives, — with the above-mentioned ratios of 
gearing,— a speed of 250 revolutions per minute for the taming 
engine. 

In the Navy the turning engines have usually two cylinders and 
two cranks, and are made reversible by means of links or a reversing 
valve, but one cylinder is quite sufficient, and a loose eccentric 
is all that is required for reversing. 

In small vessels, where a special turning en^ne is not considered 
necessary, the auxiliary worm shaft may be miven from a donkey 
pump, or other auxiliary engine, by means of a pitch chain and 
wheels. 

For ordinary three-crank triple engines, the sizes of cylinder for 
turning engine should be such as will satisfy the following relation,— 
the boiler pressure being assumed as 50 lbs. in all cases : — 



Rule z82. 
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wliere A— ires of piston or {ostons of tnniing engine, in m^. inches ; 
T—tiBvel of piston or pistons, in feet, miHe turning main 

engines thron^n one reivolntion ; 
D— diameter of crank-shaft of main engines ; 
E-14. 
In Naval work the main wheels are commonly of oast-steel, bnt 
this is totally nnnecessary, — as oast*iron is eminently suitable for the 
purpose ; cast-iron has also the advantage of working well with 
wroQght-steel worms, which cast-steel will not do. 

However carefully a worm-wheel may be moulded there is sure 
to be more or less distortion in cooling, and it is therefore the 
cheapest in the long run to machine-cut the teeth. 

The teeth should not be made too fine a fit ; there is no objection 
to a good clearance. 
The usual ^tch for the teeth of the main wheel is as follows : — 
For 6-mch to 8-inch crankshaft . . 2-inch pitch. 
8% „ 11 ,. 
IIH •• 14 " 
14H M 18 „ 
above 18 n n 

When calculating the strength of the teeth, the number in gesr 
at one time should not be taken at more than two. 

Rnle Z85.— The length of tooth should not exceed *6 x pitch, viz., 
'26 X pitch outside the pitch circle, and *34 x pitch within. 

It is scarcelv necessary to say that the pitch should be an even 
quarter or half inch, and that the diameter of the wheel must then 
be made such as will give the required number of teeth ; also when 
the wheel is made in halves the number of teeth should be even. 

The pitch of the auxiliary worm-wheel is usually 1^-inoh to 
to 2 34 -inch. 

Rule 1811.— The width of face of the wheels may be 1*76 x pitch 
of teeth wnen a solid worm is used, and 21 x pitch when the worm 
is loose on the spiudle. 
The diameter of the pitch cylinder of the worm may be, — 
Role z8s 
When worm is fofig^ed with spindle . 2*4 x pitch of teeth. 

RulezSsa. 
When wonni.loo.e on spindle ^o;^"*'*!: gj^ ;; 

Length of worm (actual thread) may be 3 x pitch of teeth. 

Wheels up to 8 feet diameter are best made with a continuous 
plate, or disc, in lieu of arms ; larger wheels may have six radial 
ribs on each side of the disc (the flanges countiDg as two, when the 
wheel is in halves), and the disc may then be lightened by cutting 
six circular, or nearly circular, holes in it. 

The thickness of rim, of disc plate, and of ribs, may be same as 
thickness of tooth at pitch line. 

12 
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Where possible the main wheel should be placed on a coupling. 
Where cast-steel brackets or bearings are usea for the worm-shafts 
they should be bushed with gun-metal, — ^as ''mild" steel shafts and 
cast-steel bearings have a great tendency to seize. 

SCREW PROPELLERS. 

Material of propeller. — For small merchant steamers propellers 
are almost inyariaoly of cast-iron, — ^boss and blades being cast 
together in one piece. Experience has shown this material to be the 
cheapest in the end for this class of vessel, since,— though the life of 
the propeller seldom exceeds six years, — the first cost is low, and a 
new one can be fitted in a few hours. 

For larger merchant steamers, mail-boats, &c., the propellers are 
construct^ of various materials, but the blades are usually cast 
separately, and attached to the boss by studs or screws ; the breakage 
of a blade can thus be made good without disturbing the boss, — a 
veiy important point, considering the practical impossibility of fitting 
a new boss properly without having the tail-shaft in tiie factoir. 
Cast-steel blades have been used to some extent, but they cannot be 
recommended ; the first cost is considerably above that of cast-iron, 
and the average life is not more than four years. 

Various attempts have been made to prevent corrosion, — and so 
prolong the life, — of iron and steel blades, by casting on coatings of 
white-metal (Johnstone's process), and by pinning on brass plates, but 
there is considerable difficulty in keeping out water from between the 
two metals, and the expenses, — direct and indirect, — are heavy. 

There is therefore little doubt that, for first-class vessels, the gun- 
metal or bronze blade is the cheapest in the end ; and, owing to its 
smoother surface, &c., it is certainly the most ^ffiderU propSler for 
all vessels. 

For Navar purposes propellers are almost invariably of gun-metal 
or bronze, and, — except sometimes in the case of torpedo boats, — ^the 
blades are always detachable. 

Pitch of propeller.— For all ordinary cases,— take the intended \ 
speed of the ship in feet per minute (1 knot is equal to 101*33 feet per 
minute) ; increase it by one-tenth, and divide by the intenaed 
number of revolutions per minute ; the quotient will be the pitch in i 
fpet. For the large propellers of very bluflf cargo boats, — ^increase the ' 
intended speed by one-twentieth only. 

The general expression for the pitch, for any percentage (x) of 
apparent slip is then, — j 

Rule z86. 

where S is the speed of vessel in knots, and B the revolutions per 
minute. i 

Apparent slip of propeller.— This is usually reckoned as a per- I 
centage of the nominal axial advance of the propeller (P x R), and 
its amount in any given case is, — 



SOBBW PROPELLBR8. 



179 



Rule Z87. 

Apparent sHp (per cent).(lii^5MS)a0VM) 



PxR 



xlOO, 



where S is speed of ship in knots, P pitch of propeller in feet, and B 
reyolntions per minute. 

The apparent slip should generaHv be about 8 to 10 per cent., at 
full speed ; should it in any case be less than 5 per cent., it may be 
taken for granted that the propeller is not suited to the ship. 
In bluff cargo boats, however, the slip rarely exceeds 5 per cent., so 
that the preceding remark does not apply to them. A larger slip 
(say 12 to 18 per cent.) does not necessanly imply waste of power, 
and may be due to small diameter of propeller, but a larger per- 
centage again would probably mean that the blade area or ''surface " 
was too small. If this latter is the case, it at once becomes apparent 
when the indicated thrusts are plotted down and a curre drawn, for 
the curve will show a want of augmentation of thrust at the higher 

I H P X S3 000 
speeds. (Indicated thrust - ' — .: * ; for method of con- 

P X K 

structing curve, see page 21.) 

Diameter of propdler. — For all ordinary oases the diameter of 

propeller shoidd be that given by the following formula : — 



Rule z88. Diameter of propeller 



//PxW. 

V \ 100 y 



where P is the pitch in feet, R the revolutions per minute, and E a 
co-efficient, which has the values shown in the following Table : — 

Table LII.— Propeller Co-efficients. . 



Description of Vessel. 




Values 
of 
K. 



Values 
of 
C. 



Usual 
material 
of blades. 




Bluff Cargo boats 

CaiKO boats 

—moderate lines 

Pass, and Mail boats 

—fine lines 
Pass, and Mail boats 

—fine lines 
Pass, and Mail boats 

—very fine 

Pass, and Bfail boats 

—very fine 

Naval vessels 

—very line 

Kaval vessela 

—very line 

Torpedo boats 

—very fine 



17 -17-5 

18 -19 

19-5-20-5 
20-5-21 -6 

21 -22 

22 -23 
21 -22-6 

-28-5 
26 



19 -17-5 
17 -15-5 

15 -13 

14-5-12-5 

12-5-11 

10-6-9 

11-5-10-5 

8-5-7 

7-6 
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(PxR\^' /PxR\' 

I be used instead of I ^^ I , the co-efficient 

(K) becomes practically constant, and the formula for four-bladed 
propellers becomes, — 



Diameter— 



77 / I- HP' 
'*^ / / PxR \ a», 

J Vioo; 



Rule 189. Total developed area of blades =C x /- 



For tbree-bladed screws, — multiply the diameter thus found by 
1-05. 

Blade area or surface of propeller.— For all ordinary cases 
satisfactory results will be obtained if the blade area be that given by 
the foUowmg rule : — 

^I .H.P. 
R 

where R is number of revolutions per minute, and G is a <!0-efficient 
having the values given in column six of Table LIT. 

In Kaval vessels the centre of the propeller is usually more deeply 
immersed, in proportion to the diameter, and the revolutions are 
higher for a given power, than is the case in merchant vessels. 

Number of blades.— Two bladed propellers are now seldom used 
on account of the vibration set up by the ever-vaiying resultant 
moment of the thrust reactions. Three bladed propellers work very 
steadily when the immersion is sufficient, and revolutions fairly high, 
but when the diameter of propeller becomes nearly as great as the 
draught of water, and revolutions are only moderate, four blades 
should be used, as being better balanced, and giving a more equable 
resultant moment of thrust reactions. 

Thickness of propeller blades.— In determining the thickness of 
blade at the root, the two most important stresses to be considered 
are, — the bending stress due to the thrust reaction, and the tensile 
stress resulting from the centrifugal tendency of the mass of the 
blade. The first may be calculated from the mean normal thrust {jm 
page 112), the blade being considered as a beam, fixed at one end and 
loaded at the other, the length of which is the distance from the root 
to the centre of pressure, and the load on which is the force, normal 
to the blade, due to one-third or one-fourth of the thrust reaction, 
according as the propeller is three or four bladed. 

The stress resulting from the centrifugal tendency of the mass of the 
blade is also easily determined by the ordinary formula, viz. : — 
p V3yu 

""^ 
where w is weight of blade in lbs. ; v, velocity of centre of gravity in 
feet per second ; r, radius of centre of gravity in feet ; and ^-'82. 

The material, whether of blade or of studs, is, of course, subject to 
the sam of these two stresses. 
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The thickness of blade can, however, be detennined mnch more 
easily, and with a close approach to accuracy, by means of the follow- 
ing formula :— 



Rule 19a T- /-f^^ 



i'^^ 



where T is the thickness of blade at the centre of the shaft, or, in 
other words, the thickness the blade wo^d have if continued through 
the boss to the centre of the shaft ; d, the diameter of the tail shaft 
in inches ; n, the number of blades ; 6, the breadth of blade in inches 
where it joins the boss, measured parallel to the shaft-axis, or, 
commonly, the length of boss ; and K a co-efficient having values as 
follows : — 

For cast-iron, . E— 4 

„ cast-steel, . E— 1*6 

„ cun-metal, . . E— 2 

,, high-class bronze, . . E— 1*6 

The thicknesses given by the above rule for gun-metal and bronze 
blades are such as are suited to propellers revolving at speeds usual in 
IT^aval work. 

The great strength of cast-steel can only be partially taken 
advantage of, because propeller blades must not only be strong 
enough, but also stiff enough to prevent vibration ; and, moreover, it 
corrodes rapidly. 

See Table LIIL, page 182, for results given by Rule 190. 

The thickness of blades at the tip should be as follows : — 

Rule 191. 

Thickness of blade at tip — Cast-iron, '04D + '4 inch. 

„ „ Cast-steel, . . '080+ -4 ,, 

,, Gun-metal, . . '080+ -2 „ 

,, High-class bronze, . '020 +'3 „ 

where D is diameter of propeller in feet. 

The following "rule of thumb," which is sometimes used, gives a 
very close approximation to the necessary thickness of blade : — 

Thickness of blade (at shaft centre) — Cast-iron, ^ in. x No. of feet 

in diameter. 
„ „ „ Cast-steel, 54« in. xNo. of feet 

. in diameter. 
„ ,, „ Gun-metal, % in.-f VJa xNo. 

of feet in diameter. 
„ „ „ High-class bronze, ^Xe in. x 

No, of feet in diameter. 

See Table Lllla., page 183, for results given by Rule 191. 
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Table LIIL— Thickness of Propeller Blades. 



meu Dl 


Solid cast'lron, 
1 blades. 


Loose bladed propellers. 


ftroHtLHth 




Breadth 


Thickness of blade at centre of shaft. 


fthafttn 


of blade 
=zleDffth 

Ut 13053 = 


Thlck- 

iieaa of 

blade (at 

ceatre 


of blade 

=-8xdia. 

of flange 

=l'8x 








1 


4 blades 


4 blades 


3 blades 


4 blades 


Sblades 




S-Txdla. 


atwhalt) 


dia. of 


cast. 


steel or 


steel or 


gun- 


gon- 




afihafL 




shaft. 


iron. 


bronze. 


bronze. 


metaL 


metaL 


inches. 


inches. 


inclies. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


6 


16 


3y4 ' 


10% 


4% 


2% 


3% 


3J4 


356 


7 


19 


434 


12% 


5^4 


3% 


3% 


856 


*y* 


3 


21^ 


6 


14% 


6 


3^ 


4% 


iV* 


i% 


9 


24 


e^^ 


1634 


6»/4 


4/8 


4% 


4% 


5% 


10 


27 


AH 


18 


7% 


4^ 


6% 


6% 


6% 


11 


30 


en 


19% 


8^ 


6 


6% 


&^ 


6% 


12 


32K 


7^ 


21% 


9 


5% 


6% 


6% 


7% 


13 


35 


8 


23% 


98/4 


6 


6% 


656 


7% 


14 


38 


m 


25^4 


10% 


6% 


7^ 


7% 


8% 


16 


40^ 


^% 


27 


11% 


6% 


8 


8 


9)6 


16 


43 


W4 


28% 


12 


7% 


8% 


8% 


9% 


17 


46 


10?6 


30% 


12% 


7% 


9 


9 


10?6 


18 


*** 


• rr 


32% 


18% 


8% 


9% 


m 


11 


19 


*-F 


..> 


34^4 


... 


8^ 


10 


10 


"H 


20 


.. 


■ ' 


36 




9% 


10% 


10% 


12J6 



The thicknesses given in the above Table for cast-ii'on propellers 
assume that the metal has been at least twice melted ; if metal that 
has been only once melted is used, the square of the thickness should 
be increased 10 per cent. Cast-steel and gun-metal are supposed to be 
to Admiralty specification. 

If breadth of blade be made less than length of boss, thickness must, 
of course, be so increased that value of & x ^ shall always agree with 
that found from above Table. 

The best method of setting out the longitudinal section of the blade 
is as follows : — 
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Detennine AB (Fig. 56) from Table LIIL, or by Bole 190 ; draw 
AC so as to ffive no thickness at tip ; set off thickness at tip (from 
Table LlUa.), and draw DE parallel to CB (at right angles to shaft 
axis), and then fill in the back of the blade near F so as to make DF 
die gradually into AC. 

TaUe Lllla.— Thickness of Propeller Blades at Tip. 







TUckDMi at tip, In InohM. 




Diameter 








<rf 










FiropeUer 


CMt-lron 


Cut«teel 


Qun-metal 


Bjgh-clan 
wonxe 
•08D+S 




•MD+-4 


■<ISD+-4 


VSD+t 


7 


"X. 


% 


'X. 


'X. 


8 


% 


% 


'X. 


'X. 


9 


% 


"X. 


'X, 


'X. 


10 


••X. 


"X. 


K 




11 


"X. 


% 


H 


^ 


12 


h. 


% 


•X. 


•X. 


! 13 


"X. 


•X. 


•X. 


1 14 


"X. 


Y^» 




•X. 


15 
16 


1 

I'X. 




"X. 




17 


I'X. 


"X. 


"X. 


i 


18 


1% 


'•X. 


V* 


"X. 


19 


I'X. 


1 


% 


"X. 


20 


I'X. 


1 


"X. 


"X. 


21 


1% 


!(^: 


"X. 


% 


22 


1^. 




% 


23 


1% 


"X. 


% 


1 24 


1% 


1% 


"X. 



Studs or screws for attaching blades to boss.— These are usually 
of naval brass (Muntz metal with addition of 1 per cent tin), or of one 
of the stronger bronzes, for gun-metal or bronze propellers, and of mild 
steel for cast-iron or cast-steel propellers. They should be of size given 
by following formula : — 

Rule Z92. axNxr = ^^ 

where a « area of one stud or screw at bottom of thread (sq. inches) ; 
N= number of studs or screws for one blade (usually 7 to 11) ; 
r— radius of studs or screws (in inches) ; 
T-indicted thrust - I-H.P. x 88,000 

Pitch X revolutions 
L» '6 X total length of blade (flange joint to tip) ; 
TT r 17 for steel studs ; 
*^"tl4- " - 



for Naval brass or bronze studs. 
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Blade flanges.— These should be of the following proportions : — 

Rule Z95.— Diameter of flange -2*25 x diameter of tail shaft. 

Rule X93A. 

Thickness of flamre- / ?^. "" ^^' ^^ ^^^ ^^' ^'^v ^'^^' ^'^ ^*®®^- 
xuiuuicB9Uisuuigc \l-4x „ „ cast.ux)n. 

Proportions of propeller boss.— The bosses of solid cast-iron pro- 
pellers should be of the following proportions : — 

Rule Z94.— Length of boss-27 x diameter of tail shaft 

Rule Z94a.— Diameter of boss"27 x ,, ,, 

Rule ZQ4b. — The fore and aft section of the boss should be oval, — 
theprincfpal radius being '8 x diameter of boss. 

The length of the tapered bore may be divided into three approxi- 
mately equal parts, of which the two end ones will bear on the shaft, 
while the central one will be coi-ed back. 

The thickness of " shell " of the central, or cored out, portion of the 
boss should be, — 

Rule Z94C. 

Thickness of boss- '65 x thickness of blade at shaft 



Where the blade flanges are all within the sphere of the boss, — as is 
usual in Naval propellers, — ^the extreme diameter of boss is about 3*3 x 
diameter of tail shaft ; the length of such a boss should be the same 
as that of a cast-iron boss (Rule 194). 

As previously mentioned under *'Tail shafts," the taper to which 
the boss is bored out should be about 1 inch on the diameter for each 
foot of length, but never less than %-inch. 

RADIAL PADDLE WHEELS. 

These are now rarely employed except in small tugs, where first 
cost is a paramount consideration. 

The enective diameter of a radial wheel is somewhat difficult to 
determine, — as it depends very much on the form of float, the amount 
of immersion, the waves set up by the wheel, &c., — but it is usually 
measured between the centres of the opposite floats. 

The slip of a radial wheel is from 15 to 30 per cent, according to 
the size of float 

For method of determining size of wheel see under '* Feathering 
paddle wheels." 

The area of one float, in square feet, may be found by the following 
rule: — 

Rule 195. Area of one float- 1^?" x C 
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where D is the eifectlTe diameter in feet ; I.H.P. the total indicated 
horse-power ; and C, a multiplier varying from -26 in tugs to *176 in 
fast mulling light steamers. 

Riilez99L 

The breadth of float is usually ahout ^e^gth^of fl<»t 

Riilci95b. ThJckness of float may be ^^^^\ of ^^^^' 

8 

Rule Z9SC. — The number of floats varies directly with the diameter, 
and there should be one for every foot of diameter. 

The floats should be of elm, or other tough strong wood that will 
withstand the action of the water. 

The comers should be rounded, and the dipping edges bevelled at 
the back, so as to enter the water as easily as possible. 



FEATHERING PADDLE WHEELS. 



To design a feathering wheel so that the floats shall enter edgeways 

hen going at full speed, take P (Fig. 67, page 186), a point on the 

face of the float just entering the water, draw r A parallel to the water 



line, and cut off PA to represent the speed of the ship through the 
water, to some convenient scale ; draw PB tangent to the circle 
through P, whose centre is the centre of the wheel, and cut off PB 
to represent the speed of the wheel on that circle ; complete the 
pai'kilelogram, and the resultant PR is the direction in which the 
ftoab^nters the water. 

Produce RP, and draw parallel to it, at a distance from it equal to 
distance from gudgeon centre to face of float, a line cutting the circle 
of gudgeon centres in G. 

Draw 6H at right angles to PF, set off the breadth of the float, and 
mark off 6L equtu to the length of lever required. 

Now draw another float whose face is vertical and immediately under 
the centre of the wheel, and the end of whose lever is M ; and with 
centres M and L, and radius 6C, draw two arcs of circles intersecting 
in E. Then E is the centre of the eccentric pin, and LE the len^h of 
the radius rods ; and the ends of all the other float levers will he in a 
circle struck from E as centre, with radius LE. 

The diameter of wheel is determined as follows : — 

Let E— speed of vessel in knots ; 
S — percentage of slip ;* 
R—intendea number of revolutions per minute. 



Then,- 

8-14 xR 



Rule 196.— Diameter of wheel at axis of floats- M^?^). 



* Uiually 16 to 25 per cent. 




Fig. 67. 
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The diameter must aUo, of coarse, be sach as will suit the structure 
of the ship, and will give the necessary immersion of the float 

Immersioa of flcMits. — ^When a vessel works always in smooth 
water, the immersion of the top edge of float should not exceed 

~ — ^ ; and for general service at sea an immersion of 

greadtn of float ^ guffigieat. If the vessel is intended to carry cargo, 

the immersion, when light, need not exceed 2 or 3 inches, and should 
not be more than the breadth of the float when at the deepest draught, 
—as the efficiency of the wheel falls off rapidly as the immersion 
increases. 

Nnmber of floats. — ^The number of floats should be the nearest 
whole number to the value given by the following formula : — 

60 
Rule Z97. Number of floats - ~7^ 

where R is number of revolutions per minute. 

Area of float— The area of float should be that given by the 
following formula : — 

Rule 198. 

Area of one float (in square feet)= ^'^^;^ffg,^^ 

where D"* diameter of wheel to axes of floats, in feet ; 
K— number of floats in one wheel ; 
B— number of revolutions per minute ; 
whilst K has the following values : — 

For vessels plying always in smooth water . K— 1200 

For sea-going steamers K-»1400 

For tugs, and such craft as require to stop and start l^r^jg^^ 

frequently in a tide-way / *" 

Note, — It will be quite accurate enough, and more convenient, if the 
last four figures of the cube (D x R)' be taken as ciphers. 

Proportions of float — ^The breadth and thickness of float may be 
fixed by the following rules : — 

Rule Z99. Breadth of floats- -35 x length. 

Rule 200. 

Thickness of wood float— ^^ , according to nature of service. 
10 to 12 ■* 

Rule 200a. 

Thickness of steel floats- 'z6 x breadth in feet + 'x5-inch. 
When an iron or steel float is curved, — 

Radios of curvature of float -effective diameter of wheel 
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Paddle-wheel frames.— These must be strong enough, in every 
case, to transmit the power of the engines to the water, and must 
alao be stifif enoogh to work without undue springing or vibration. 
As the power of the engines is approximately proportional to the cube 
of tiie oiameter of the shaft, the stren^h of the wheel frames should 
be in the same proportion, and the section of the arm would be given 
by the equation, — 

n 

where t and b are respectively thickness and breadth of arm, n total 
number of arms in one wheel, D diameter of inner, or engine, journal 
of paddle-shaft, and E a co-efficient. 

But when the diameter of shaft is small, this gives a section of 
arm which would not be stiff enough for practical purposes without 
more cross-bracing than is usual in small wheels ; in practice, small 
wheels are commonly made without any diagonal bracing at all, — 
the arms being maae proportionately stronger,— as experience has 
shown that it is not advisable to use sections below a certain degree 
of lightness. 

The formula, therefore, requires the addition of a constant quantity, 
and, if written as follows, gives very satisfactory results : — 

Rule 201. < X 62- ^ X (D8 + 600). 

n 

The value of E, for section of arm near boss, is 32, — and the other 
symbols are as defined above. 

The formula may be used exactly as it stands for ordinary 
oscillating engines with sectional crank-shafts (Class 8, Table 
XXXIXa.), but the shafts of other types are made larger, on 
account of the greater bending stresses to which they are subject, 
and what may be called the ** equivalent cube of diameter " must be 
obtained before Rule 201 can be applied. The equivalent D' is 
found by taking the cube of the actual diameter of the journal, and, 
if for example the engine be of Class 2 (Table XXXIXa.), taking 

|2.ths of it,— or multiplying it by 60 and dividing by 68. 
58 

Theoretically, the arms may be made lighter as they recede from 
the boss, but in practice it is usual to make them parallel, — ^partly 
for convenience of manufacture, and partly because, when diagonal 
stays are fitted, the arm is weakened near the inner ring by the 
necessary bolt holes. 

When there is no outer rim, or ring, the portion of each arm 
beyond the inner rim must be strong enough to carry its own load 
without any help from the other arms, and must be considered 
as a beam fixed at one end and loaded at the other. As there is a I 
tendency to contrary flexure of the arm within the ring, the arm is | 
generally made widest at the ring,— tapering gradually towards the 
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boas, and quickly towards the gadseon centre or end. The type of 
wheel is heavy and expensive, and the floats are deprived of such 
protection as is given by the outer rims, and are therefore so much 
the more liable to injory. 

Rule ao2. — ^The ratio of breadth of arm to thickness is usually 
about 5 to 1. The arms must, of course, be locally widened out 
where the connection to the rim, or rims, is made. When there are 
two rims, from three to five bolts may be used at each joint, but 
with one rim only there should be six to ten bolts, according to size 
of wheeL 

Nothing less than a %-inch bolt should be used on ordinary 
wheels, and both heads and nuts should be square ; also, all holes 
should be rymered out, and all bolts be driving fit. 

Riile2(^ 

The section of inner ting nuiy be 7 x section of arm at boss. 



Rule2C^3a. 




The section of outer „ 


•6x 


Rnle 203b. 




The section of only „ 


IX „ 


The proportions of breadth to thickness may be, — 


Rule 204. Inner ring: . 


. A -6. 


Rule 2Q4a. Outer ring . 


. - — 4. 


Rule 204b. Only tmg 


• T"^'^' 



In large wheels, the inner rims (or arms near inner rims) should be 
stayed back to the opposite sides of the boss ; the section of stays 
may be, — 

Rule 20s 
Section of diag^onal stay (if rectangular) 7 x section of inner rim. 

Rule 205a. 
Section of diagonal stay (if circular) ^x „ „ 

Rule 206. — Horizontal round ties, or distance rods, should also be 
fitted between each pair of gudgeon bearings, and as close as possible 
to them ; they may nave a diameter of 1 '3 x thickness of arm. 

It is a common practice to fix the centres of the gudgeons, on 
which the floats are hinged, slightly off* the centre lines of the 
I,— nearer the outer edges, — as the strains on the feathering 
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gear are thereby reduced ; the amount is to a great extent optional 
with the designer, but varies in practice from one-tenth to one- 
twentieth of the breadth of the float. 

The whole of the gudgeons and pins should be cased with brass, 
and should work in lignum-vitse bushes ; unless the vessel is to 
work in sandy or muddy water, — when iron pins working ia white- 
metal bushes, or pins cased with white-metal working in gun-metal 
bushes, will ffive better results. 

The outer bearing for the paddle-shaft may (as stated in Rule 94) 
have a length of 1*5 to 2 x diameter of journal, — according to nature 
of service and consequent weight of wheel ; it should oe strongly 
made and firmly fixed, as, in addition -to the weight of wheel, the 
whole of the thrust is taken by it. The magnitude and direction 
of the resultant force on the bearing can be easily calculated, but, 
as its direction is always below the centre, the caps do not need 
to be very substantial ; the bearing should admit of adjustment in 
the line of the resultant. 

The lubricant is mainly water, but oiling pipes and tallow boxes 
should be fitted. 

A stuffing box should be fitted round the shaft where it passes 
through the ship's skin. 



SEA VALVES. 

All sea connections should be simple in construction, and of very 
ample strength in all parts, and the necks, especially, should be well 
bracketed to the flanges attaching the valves to the ship's side. 

Sea suction, or imet, valves. — In the Merchant Service these are 
usually ordinary cast-iron stop- valves, opening inwards ; in the Navy 
the Kingston valve is not now so much used, and ordinary stop- 
valves are also generally employed, but no material other than best 
gun-metal must oe used in connection with them. 

Brass strainer gratings should be fitted to all inlet valves, the 
mesh not exceedfng half an inch in breadth, and the total area 
through the grating should be at least 20 per cent, greater than the 
net area of the pipe. 

Some makers place the ^ratings of the larger valves on the 
inboard side of the valve, and provide means for their withdrawal and 
examination whilst the ship is still afloat; if this is not done,, there 
should be either a steam jet or a donkey delivery pipe fitted for 
clearing away any weed, &c. that may become fixed in the grating. 

The number of valves on the ship's side should be as small as 
possible, and, where the nature of the service permits, one sea-valve 
may supply two or more systems of piping, shut-off valves being 
fitted on the inboard side of the sea- valve. 

Where possible, it is better to take the water-service supply from 
the delivery side of the circulating pump than from an independent 
valve on the ship's side, as a better supply is obtained in this way. 



SEA VALVE& 
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The method of attachment to the ship's skin, recommended by 
Lloyd's, is shown in Fig. 58, and the Admiralty method in Fig. 59. 

Blo^7-off valves.— These should always be gun-metal stop-valves 
opening inwards, and should have spigots passing through the ship's 
plating. If any guard cock is fitted, it should be placed between tne 
valve on the boiler and the sea-valve, and independent of both. 

The method of attachment recommended by Lloyd's is shown in 
Fig. 60 (page 192). 







Gmtum 








Fig. 68. 



Fio. 69. 



Where the valve has to open a communication through a double 
bottom, as is usually the case in Naval work, one of the Kingston 
type is generally employed, attached to the outer bottom as shown in 
Fig. 61 (page 192), and made tight by means of a stufi&ng box, where 
it passes though the inner bottom. 

The use of cast-iron for boxes or casings of blow-off valves is 
forbidden by paragraph 121 of the Board of Trade rules. 

Dischargee valves. — Here also, with the object of reducing the 
number of openings in the ship's skin, the smaller valves should, 
where possible, discharge into the casings of the larger ones, the 
outlets from the latter being increased in area as necessary. 

In the Merchant Service, lifting non-return valves with cast-iron 
casings are generally used ; but in the Navy, though the same type 
of valve is used, the only material permitted is gun-metal. 

Provision should be made for hanging up the valve, but, when the 
circulating pumps are of the reciprocating type, it should not be 
possible to nx it on its seat in any way. 
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All discharge valyes should have spindles passing through the 
covers, and cross handles for turning them round on their seats. 
In some cases, where room is pinched, a swinging flap-valve may 




Fio. 60. 



Fio. 61. 



he employed with advantage; and where the pump are of the 
centrifugal type, either valves of this class or sluice valves should be 
used, in order to reduce the resistances as much as possible. 

There should always be a spigot passing throuf^h the skin plating 
of the vessel, and, where the valve is large, it is very desirable to 
have a doubling plate fitted inside of, and riveted to the skin plate. 

The Board of Trade regulations referring to sea connections are 
as follows : — 

137. All inlets or outlets in the bottom or side of a vessel near to, 
at, or below the deep-load water line other than the outlets of water- 
closet, soil, scupper, lavatory and urinal piijes, should have cocks or 
valves fitted between the pipes and the ship's side or bottom ; such 
cocks or valves should be attached to the skin of the ship, and be so 
arranged that they can be easily and expeditiously opened or closed 
at any time ; and the cocks, valves,and the whole length of the pipes 
should be accessible at all times. 

Cocks or valves standing exceptional distances from the ship's 
plating, that is where the necks are longer than is necessary for making 
the jomt, should not be passed without the sanction of the Board of 



SKAVAtYSd. 193 

Trade, vnd one condition of their being passed is that they should 
be made of gun-metal, and well braoketM. 

Although in the case of vessels which have already been granted 
passenger certificates it is very desirable that the cocks and valvea 
above referred to should be so arranged that they can be opened and 
closed expeditiously by hand, and tnat they and the whole length of 
the pipes referred to shonld be accessible at all times, still in vessels 
in which there is a difficulty in attaining this object, a strict compli- 
ance with the above may be dispensed with, if after a consultation 
between the Principal Officer and the Surveyor they are satisfied that 
the difficulty is serious, and that the arrangements existing are on the 
whole safe. 

The Principal Officer should in such cases always send a special 
report to the Board of Trade, with the Surveyor's report and statement 
of the arrangements on board, and of the reasons for authorising fr 
departure from the ordinary conditions. 

138. With a view to the prevention of accidents to boilers through 
the blow-off cocks being left open after the boiler is run up, and to 
prevent water getting accidentally or intentionally into the ship by 
cocks heing left open, all blow-off cocks and sea connections below the 
plates or out of si|^ht, shonld be fitted with a guard over the plug, 
with a featherway m the same, and a key on the spanner, so that the 
spanner cannot l>e taken out unless the plug or cock is closed. When 
cocks are in sight guards need not be fitted provided the spanners are 
secured to the plugs by pins. The spanners should not be shrunk on 
the heads of the plugs. One cock should be fitted to the bolter, and 
another cock on the skin of the ship or on the side of the Kingston 
valve. 

139. In all cases where pipes are so led or placed that water can 
run from the boiler or the sea into the bilge, either by accidentally or 
intentionally leaving a cock or valve open, they should be fitted with 
a non-return valve and a screw not attached, but which will set the 
valve down in its seat when necessary ; the only exception to this is 
the fireman's ash cock, which must have a cock or valve on the ship's 
side, and be above the stoke-hole plates. 

140. The exhaust pipe for the donkey engine should not be led 
through the ship's side, but should be led on deck or into the main 
waste steam pipe ; * and in all cases should have a drain-cock on it. 
This will prevent water getting into the pipe when the ship is deeply 
laden or rolling. 

141. In the case of the outlets of watercloset, soil, scupper, lavatory 
and urinal pipes which are below the weather deck, there should be an 
elbow of good substantial metal other than cast-iron or lead ; and the 
pipe connected with this elbow should, if of lead, have a sufficient 
bend to provide for expansion in the pipe or any movement from the 

* Author's Kote.— This plan renders overhaul of main safety-valves difficult 
when vessel is in port ; a separate waste pipe should always be fitted. 

13 
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working of the ship. Pipe9} no matter of what material they may be 
constructed, should never be fitted in a direct line between the 
apertures in the ship's side and its connection with the deck, or closet, 
or other fittings. Unless the watercloset and scupper pipes and their 
outlets are fitted in the way hereby required, or in a manner that will 
in the opinion of the Surveyor and of the Principal Officer be more or 
equally efficient and safe, the Surveyor should refuse to grant a 
Declaration. Where closets are fitted below the water line, as in the 
case of pumping closets, plans should be specially submitted forapprovaL 
For closete with their outlete above the weather deck, no special 
regulations are necessary. The pips and valves should be protected 
from the cargo by a substantial casmg of wood or iron, which need not 
be watertight. 

This clause applies only to the case of sea-going steamers coming 
under survey for the first time. 

Lloyd's rules relating to sea connections are as follows : — 

33. All discharge pipes to be, if possible, carried above the deep 
load line, and to have discharge valves fitted on the plating of the 
vessel in an accessible position. 

34. No pipes to be carried through the bunkers without being 
properly protected. 

40. All sea-cocks to be fitted on the plating of the vessel above the 
level of the stokehole and engine-room platforms, or attached to 
Kingston valves of a height sufficient to lift them up to the level of 
these platforms. 

41. The bolte securing all cocks or sea connections to the plating 
of the vessel are to be tex>ped into the plating of the vessel or fittea 
with countersunk heads. 

42. The blow-off cocks on the plating of the vessel are to be fitted 
with spigots passing through the plating, and a brass or gun- metal 
ring on the outeide. The cocks are to be so constructed that the key 
or spanner can only be token off when the cock is shut. 

See also paragraphs 2 and 4 of section 27 of Lloyd's Rules. 
Page 274. 



PIPES AND PIPE ARRANGEMENTS. 

The thicknesses of copper and brass tubes or pipes are usually 
specified or given in terms of one of the "wire gauges." Table 
LIV. gives three of the most widely used of these "wire gauges," 
and their equivalente in decimals of an inch, but it is desirable in all 
new work to use only the Legal Standard Gauge (L.S.6.) as now by 
law esteblished, as a multiplicity of standards tends only to cause 
confusion and annoyance. 
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Table Liy.-Wirt Ganfi^es and their eqiiiTalents. 



L.B.a. 


B. W. 0. 


w. w. o. 1 


Legal Steadwd Wir* 0«ag». 




Whltworth Wlr* 0«nf*. | 


No. Of 

Gauge. 


Ecminaent 
inios. 


No of 
Gauge. 


EquiTalent 
• in ins. 


No. Of 
Gauge. 


Eqaiyalent 
in ins. 


7/0 


•500 


5/0 


•600 


300 


•300 


6/0 


•464 


4/0 


•460 


280 


•280 


5/0 


•432 


3/0 


•420 


260 


••260 


4/0 


•400 


2/0 


•380 


260 


•250 


8/0 


•372 


1/0 


•340 


240 


•240 


2/0 


•348 


1 


•300 


220 


•220 





•324 


2 


•2S0 


200 


•200 


1 


•800 


8 


•260 


180 


•180 


2 


•276 


4 


•240 


165 


•165 


3 


•262 


5 


•220 


150 


•150 


4 


•232 


6 


•200 


135 


•136 


5 


•212 


7 


•180 


125 


•125 


6 


•192 


8 


•164 


120 


•120 


7 


•176 


9 


•148 


110 


•110 


8 


•160 


10 


•132 


100 


•100 


9 


•144 


11 


•120 


95 


•095 


10 


•128 


12 


•108 


90 


•090 


11 


•116 


13 


•096 


85 


•085 


12 


•104 


14 


•084 


80 


•080 


13 


•092 


15 


•072 


75 


•075 


14 


•080 


16 


•064 


70 


•070 


15 


•072 


17 


•066 


65 


•065 


16 


-064 


18 


•048 


60 


•060 


17 


•056 


19 


•040 


55 


•065 


18 


•048 


20 


•036 


50 


•060 


19 


•040 


21 


•032 


45 


•045 


20 


•036 


22 


•028 


40 


•040 


21 


•032 


23 


•024 


38 


•038 


22 


•028 


24 


•022 


86 


•036 


23 


•024 


25 


•020 


34 


•034 


24 


-022 


26 


•018 


32 


•032 


25 


•020 


27 


•016 


30 


•030 


26 


•018 


28 


•014 


28 


•028 


27 


•0164 


29 


•013 


26 


•026 


28 


•0148 


80 


•012 


24 


•024 


29 


•0136 


31 


•Oil 


22 


•022 


30 


•0124 


32 


•010 


20 


•020 


31 


•0116 


33 


•009 


19 


•019 


32 


•0108 


84 


•008 


18 


•018 


33 


•0100 


36 


•007 


17 ' 


•017 


34 


•0092 


36 


•006 


16 


•016 


35 


•0084 


37 


•005 


15 


•015 


36 


•0076 


38 


•004 


14 


•014 


37 


•0068 


89 


•003 


13 


•013 


38 


•0060 


40 


•002 


12 


•012 
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The following Table shows the Legal Standard Wire Gauge and its 
equivalents in millimetres : — 



Table LV.— Legal Standard Wire Gauge and 
Metric Equivalents. 





Equivalents. 




Equivalents. 


Number 
of Gauge. 




Number 
of Gauge. 








, 








Inch. 


Millimetre. 




Inch. 


Millimetre. 


7/0 


•500 


12-700 


: 23 


-024 • 


•610 


6/0 


•464 


11-785 


24 


•022 • 


•659 


5/0 ' 


•432 


10-973 


' 25 


-0-20 


'608 


4/0 


•400 


10-160 


: 26 


•018 


•457 


3/0 


•372 


9-449 


27 


•0164 


'4166 


2/0 


•348 


8-839 


. 28 


•0148 


•3759 





•324 


8-229 


29 


•0136 


•3454 


1 


•300 


7-620 


30 


-0124 


•3150 


2 


•276 


7 010 


31 


•0116 


•2946 


3 


•252 


6-401 


32 


•0108 


•2743 


4 


•232. 


5 •893 


33 


•0100 


^2540 


6 


•212 


6^385 


34 


•0092 


^2337 


6 


•192 


4-877 


35 


•0084 


^2134 


7 


•176 


4-470 


; 36 


•0076 


'1930 


8 


•160 


4-064 


37 


•0068 


^727 


9 


•144 


3-658 


38 


•0060 


'1524 


10 


•128 


3-251 


39 


•0052 


'1321 


11 


•116 


2-946' 


40 


•0048 


•1219 


12 


•104 


2-642- 


; 41 


•0044 


'1118 


13 


•092 


2-337 


42 


-0040 


•1016 


14 


•080 


2-032 


43 


•0036 


•0914 


15 


•072 


1-829 


44 


•0032 


•0813 


16 


•064 


1^626 


45 


•0028 " 


0711 


17 


•056 


1-422 


46 


•00-24 


•0610 


18 ' 


•048 


1-219 


■ 47 


•0020 


•0508 


19 


•040 


1-016 


' 48 


-0016 ' 


•0406 


20 


•036 


-914 


49 


-0012 ' 


'0305 


21 


•032 


•813 


50 


-0010 • 


'0254 


22 


•028 


•711 


... 




... 



Table LVL has been drawn up as a general guide indicating the 
best thicknesses of pipes for various pressures and pui-poses^ and may 
be- taken as . giving thoroughly reliable strengths for all ordinarv 
marine work c — , ' 
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Table LVI.— Thicknesses of Copper Pipes (L.S.G.). 



1, 


Steam pipes. 


L 


1 
1 


1 
1 


111 




t 






1 


J 


1 








1 








200 


180 


155 1 125 


86 


60 


< 


fc 


m^ 


22 













7 






4 




21 










1 


7 






4 




20 






• •• 


" ,,, 


1 


7 


... 


••> 


5 




19 






• •• 


. 


2 


8 






5 




18 








4/0 


2 


8 


.,. 


13 


5 




17 






6/0 


3/0 


8 


8 


... 


13 


6 




16 




7/0 


5/0 


2/0 


3 


8 


... 


14 


6 




15 


... 


6/0 


4/0 





4 


8 


... 


14 


7 




14 


7/0 


5/0 


3/0 





4 


9 


11 


14 


7 




13 


6/0 


i/0 


2/0 


1 


5 


9 


11 


14 


7 




12 


5/0 


3/0 





2 


5 


9 


11 


14 


8 




11 


4/0 


2/0 


1 


3 


6 


9 


11 


15 


8 




10 


8/0 





1 


3 


6 


10 


11 


15 


9 




9 


2/0 


1 


2 


4 


7 


10 


11 


15 


9 




8 


1 


2 


3 


5 


8 


10 


12 


15 


9 




7 


2 


3 


4 


6 


8 


11 


12 


15 


10 


9 


6 


3 


4 


5 


7 


9 


11 


12 


15 


10 


10 


5 


5 


6 


6 


8 


9 


11 


12 


15 


11 


10 


4 


6 


7 


7 


9 


10 


12 


12 


15 


11 


11 


3 


8 


9 


9 


10 


11 


12 


12 


15 


12 


11 


2 


10 


11 


11 


11 


12 


12 


12 


15 


12 


12 


1 


13 


13 


13 13 


13 


13 


13 


15 


13 


13 



1. 


1| 


^1 


ii 


0* 


|i 


11 


35 


3 


33 


3 


32 


4 


29 


4 


28 


5 


26 


5 


24 


6 


21 


6 


20 


7 


17 


7 


16 


8 


15 


8 


14 


9 


13 


9 


12 


10 


11 


10 


10 


11 


9 


11 


8 


12 


7 


12 


6 


13 


5 


13 



Blow-oif and scam pipes. 


Diameter of pipe 
in inches, , . 


1 


1% 


1% 


1% 


2 


2% 


2% 


28/4 


3 


Thickness, L^S.G. 


10 


10 


10 


9 1 9 


8 


8 


7 


7 



Feed dischai^^e pipes to be as steam pipes for 30 per cent, higher 
pressure ; bnt in no case to be taken lower than 125 lbs. 

Receiver pipes to be as steam pipes for half the test pressure of the 
cylinder to which they lead steam ; but in no case to oe taken lower 
than 50 lbs... . 

The above .gauges refer to straight pipes oqly ; bends to be suitably 
strengthened. 
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The thickness of copper pipes reqmsite to comply with the Board of 
Trade rule (see page 204) are as follows : — 

Table LVI I.— Thickness of Copper Pipes by Board of Trade rule. 



Diameter 




Thickness 


on Legal Standard Wire Gauge. 




150 lbs. 


160 lbs. 


170 IbB. 


ISOlbs. 


lOOlbs. 


200 lbs. 


in in^es. 


1 


1 


1 


1 


1 


1 


1 


1 


1 


i 


1 


i 


1 


13 


16 


13 


16 


13 


16 


12 


16 


12 


16 


12 


15 


1% 


12 


16 


12 


16 


12 


16 


12 


16 


.12 


16 


12 


14 


1% 


12 


16 


12 


16 


11 


14 


11 


14 


11 


14 


11 


13 


1% 


11 


14 


11 


14 


11 


13 


11 


13 


10 


13 


10 


13 


2 


11 


13 


11 


13 


10 


13 


10 


13 


10 


12 


9 


12 


2% 


10 


13 


10 


13 


10 


12 


9 


12 


9 


12 


9 


11 


2% 


10 


12 


9 


12 


9 


12 


9 


11 


9 


11 


8 


11 


2% 


9 


12 


9 


12 


9 


11 


8 


11 


8 


10 


8 


10 


8 


9 


11 


9 


11 


8 


11 


8 


10 


8 


10 


7 


9 


3% 


9 


11 


8 


10 


8 


10 


8 


10 


7 


9 


7 


9 


3% 


8 


10 


8 


10 


7 


9 


7 


9 


7 


9 


6 


8 


3% 


8 


10 


7 


9 


7 


9 


7 


9 


6 


8 


6 


8 


4 


7 


9 


7 


9 


7 


9 


6 


8 


6 


8 


6 


7 


4% 


7 


9 


6 


8 


6 


8 


6 


7 


5 


7 


5 


6 


5 


6 


8 


5 


7 


6 


7 


6 


6 


4 


6 


4 


5 


5% 


5 


7 


6 


6 


4 


6 


4 


6 


3 


6 


3 


4 


6 


5 


6 


4 


6 


4 


6 


3 


5 


3 


4 


2 


4 


6% 


4 


6 


3 


6 


3 


4 


2 


4 


2 


3 


1 


3 


7 


8 


5 


3 


4 


2 


4 


2 


3 


1 


8 


1 


2 


7% 


8 


4 


2 


4 


2 


3 


1 


2 


1 


2 





1 


8 


2 


4 


2 


3 


1 


2 





2 





1 


2/0 


1 


8% 


2 


• ■• 


1 














2/0 




2/0 


... 


9 


1 


... 










... 


2/0 




2/0 




8/0 




9% 


1 


... 







2/0 


... 


2/0 




3/0 




4/0 




10 







2/0 




2/0 


... 


3/0 




4/0 




4/0 




10% 







2/0 




3/0 




4/0 




4/0 






... 


11 


2/0 




3/0 


\t 


4/0 




4/0 




5/0 








11% 


3/0 




3/0 




4/0 


... 


6/0 




... 








12 


3/0 


... 


4/0 




6/0 


... 


6/0 




... 








12% 


4/0 




4/0 




6/0 
















18 


4/0 


... 


6/0 




5/0 








... 








18% 


4/0 




6/0 






... 






... 


... 






14 


5/0 


... 


6/0 




... 








... 






... 


14% 


6/0 


•«. 






... 


... 












... 


16 


6/0 


... 


«H 


- 










... 






.- 



Note.— The Board ol Trade rules 
' be made sufficient for a pressure 



(paragraph 119) state that ' * Feed pipes ihoald 
20 per cent, in excess of the boiler prwinn." 
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The thicknesses of wroaght-iron lap-welded pipes requisite to comply 
with the Board of Trade role are shown in the following Table : — 

Table LVI 1 1.— Thickness of Wronfirht-Iron Pipes by 
Board of Trade rule. 



Diameter 
inches. 


Thickness in inches (Decimal and nearest thirty-second aboveX 


160 lbs. 


leoibt. 


mibs. 


180 lbs. 


1901b8. 


200 lbs. 1 


5 


•250 


% 


•260 


% 


•250 


y* 


•250 


y* 


■tir^D 


y* 


•250 


% 


5% 


II 


II 


II 


II 


II 


II 


II 


II 


11 


II 


II 


It 


6 


II - 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


6% 


II 


II 


II 


II 


II 


II 


II 


II 


M 


II 


II 


II 


7 


II 


II 


II 


II 


II 


II 


II 


II 


o 


II 


II 


It 


7% 


II 


„ 


II 


II 


II 


II 


II 


II 


^2:<(} 


)i 


•250 


y* 


8 


II 


II 


II 


II 


II 


II 


•250 


% 


•^.^3 


•/.. 


•267 


'At 


8% 


II 


II 


II 


II 


•250 


% 


•265 


%8 


■269 


'At 


•283 


•/.. 


9 


II 


II 


•250 


t 


•255 


Vs. 


•270 


Vtt 


*2S4 


'A. 


•300 


•/.. 


9% 


II 


II 


•253 


•269 


•/s. 


•285 


'A, 


•aao 


'At 


•817 


"At 


10 


•250 


% 


•267 


%. 


•283 


'A, 


•300 


'At 


■310 


"At 


•338 


10% 


•2625 


v.. 


•280 


%, 


•297 


Vi. 


•315 


"At 


■332 


"At 


•350 


% 


11 


•275 


%s 


•293 


•A. 


•311 


•x. 


•330 


"At 


'848 


% 


•367 


% 


11% 


•2875 


•A. 


•307 


'A, 


•326 


"At 


•346 




•tiU4 


% 


•383 


"At 


12 


•800 


%. 


•320 


"/». 


•340 


"At 


•360 


% 


■379 


"At 


•400 


"At 


12% 


•3125 


v.. 


•383 


"/». 


•364 


% 


•376 


% 


■)iii5 


"At 


•417 


Vi, 


13 


•325 


*%. 


•347 




•368 




•390 


"At 


Mil 


'At 


•433 


Vi, 


13% 


•3375 


"/»« 


•360 


% 


•382 


"A, 


•405 


"At 


■m 


Vi. 






14 


•350 




•373 


% 


•396 


"At 


•420 


Vi. 


'4^3 


"At 




... 


H% 


•8625 


% 


*387 


'%. 


•410 


v.. 


•435 


v.. 


t - ■ 








15 


•376 


% 


•400 


'%. 


•425 


Vi. 


•450 


"/„ 








... 


15% 


•3875 


"/». 


•413 


Vi. 


•439 


"At 


... 






... 




... 


16 


•400 


"/s. 


•427 


Vie 


•463 


"At 




... 




... 






16% 


•4125 


y» 


•440 


*%. 


*.» 




... 


• •. 










17 


•425 


v.. 


•453 


^Va. 


.... 


... 














17% 


•4375 


v.. 


... 




















18 


•450 


"/s. 


... 





















Good proportions for the flanges of copper pipes for modern triple 
engines are given in the following Table : — 
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Table LIX.--Flang:cs for Copper Pipes. 






a ■ 




Thickness of 
flange. 


i 


1 


r 

Number of bolts 


Pitch of bolts, 
(nearest sixteenth.) 


n 




14 


1 
It 


1 

h 
It 


^ 


•0 
§ 

s « 




1 


% 




&El 


1 


3 


n 


If 
1 


it 


4> t. 


st 




^ 


II 


If 




^ 


ii> 


1 


II 


•5 


1 


ins. 


ins. 


in. 


in. 


in. 


ins. 








ins. 


ins. 


IDS. 


1 


4 


% 


% 


% 


1% 


4 


4 


3 


I'M. 


i"A. 


2% 


1^ 


4% 


!• 


II 


II 




4 


4 


3 


ays 


2H 


2% 


1% 


4 


Vi. 


Vi. 


II 


1% 


4 


4 




Z'/i. 


2%, 


2M» 


1% 


4% 


11 


II 


11 


1% 


6 


4 




2'/.. 


2% 


2% 


2 


5 


It 


II 


11 


1% 


5 


5 




2»/i, 


2yx. 


2% 


2% 


6% 


% 


% 


% 


2% 


5 


5 




2^ 


29^ 


^«4* 


2% 


634 


II 


II 


It 


2% 


6 


5 




2% 


2"/i. 


3% 


2% 


6% 


„ 


If 


II 


2% 


6 


5 




2% 


f/^' 


3% 


3 


656 


'Vie 


Vie 


II 


2% 


6 


6 


5 


29^ 


S'/i. 


3yie 


3}4 


6% 


It 


II 


II 


2% 


7 


6 


5 


2M 


2% 


3% 


3% 


7% 


II 


II 


II 


2% 


7 


6 


5 


2% 


2J4 


3% 


3% 


7% 


n 


II 


11 


3 


7 


6 


5 


i% 


3 


3% 


4 


7% 


% 


% 


II 


3Vk 


8 


6 


6 


i% 


8H 


3% 


4% 


8>6 


11 


II 


II 


^% 


8 


7 


6 


2Vt. 


2"/i.. 


3% 


6 


^% 


„ 


II 


II 


^% 


9 


7 


7 


2i6 


8>6 


3% 


•6% 


^% 


11 


II 


II 


■3K 


9 


8 


7 


2% 


2>M, 


3% 


6 


10% 


"/i. 


"/i. 


% 


i% 


9 


7 


6 


3 


3"X. 


4% 


6% 


10% 


II 


II 


II 


m 


9 


7 


6 


8'/,. 


4 


4% 


7 


11% 


II 


II 


II 


^% 


10 


7 


6 


3 


4'/!. 


*,^ 


7% 


11% 


II 


II 


II 


5Mi 


10 


8 


7 


3M. 


3"/.. 


4M. 


8 


12% 


% 


% 


II 


^% 


11 


8 


7 


3'/!. 


4% 


45^ 


8^ 


12% 


II 


II 


i< 


b% 


11 


9 


7 


3%. 


3J^ 


4» 


9 


13% 


II 


II 


II 


b% 


12 


9 


8 


3y.. 


4 


i% 


9% 


13% 


11 


II 


II 


e^/. 


12 


9 


8 


3»/i. 


*V» 


4"X. 


10 


14% 


II 


II 


II 


r>^; 


13 


10 


9 


SVx. 


8"/i, 


4?^^ 


11 


15% 


'Vie 


'Vie 


II 


7 Me 


H 


10 


9 


8% 


4% 


4"/x. 


12 


16% 


II 


II 


It 


7-^B 


15 


11 


10 


3»/.. 


454 


4"X. 


18 


17% 


II 


II 


II 


8VU 


16 


12 


10 


8'X, 


4yi. 


6 


14 


18% 


n 


II 


II 


KU 


17 


13 


11 


8%. 


4^4 


4% 


16 


19% 


II 


II 


It 


9yi« 


18 


14 


12 


3»X. 


4M. 


4% 


16 


21% 


1 


% 


% 


9^ Me 


17 


13 


11 


89^ 


4"X. 


6Vi. 


17 


22% 


II 


II 


II 


lOMe 


18 


14 


12 


3%. 


4^ 


6X 


18 


23% 


11 


•1 


II 


10^ Vi. 


19 


15 


13 


3y., 


4^ 


5.'X. 



FLANGES FOR COPPER PIPES. 
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f^ 






n 


r 


^ 


r^ll 








( 




f ' 1 




1 


1 











Fid. 62. 



The flanges, of which particulars are given 
in the above Table, are designed either for 
coupling copper pipe to copper pipe, or 
copper pipe to gon-metal casting of corre- 
sponding strengtii, as indicated in Fig. 62 ; 
for connections with cast-iron pipes or valves 
the flange must be larger, unless studs are 
used. 

Table LX. (page 202) gives suitable thick* 
n esses for gun-metal pipes, elbows, T pieces, 
Ice, and will be of assistance in designing 
gun-metal stop-valves, expansion stuffing 
boxes, kc. 

The basis and metbod'of construction 
of the Table are fully explained in the 
following memoranda : — 

Memonuida. — H.P. includes feed and bilge delivery, blow-off, 
scum, steam, fire service, and all sea valves. 

L.P. includes all suctions, water pipes not under pressure, exhaust, 
and waste steam. 

The necks of all boiler fittings should be Vie -inch thicker than 
H.P. list. 

For plain pipes or cylinders the list is calculated for working 
pressures of 180 lbs. and 90 lbs. per square inch, for tbe H.P. and 
L.P. columns respectively ; the stress per square inch of material is 
taken at 2240 lbs., and a constant addition of *05 inch is made to cover 
errors in casting ; the formulae are therefore ^— "08 rada + "05 inch for 
H.P., and ^- "04 rads. + -05 inch for L.P. 

For H.P, T pieces tbe square of the thickness (before addition 
of -05 inch), has been increased by 33 per cent., — as a T pipo with 
all three branches of equal diameter is considered to be that amount 
weaker than the corresponding plain cylinder without branch in side. 

No increase is made in the thickness of L.P. T pieces (over plain 
pipes), as the pressure assumed, viz., 90 lbs., is already high. 

Although brazed copper pipes have occasionally given way, owing 
to the metal in the neighbourhood of the seam havmg been ** burned," 
or over-heated during the brazing, they are, on the whole, preferable 
to solid-drawn pipes, since the latter are not only frequently wanting 
in uniformity of thickness, but sometimes develop serious longitudinal 
splits without any warning, even after apparently satisfactory water- 
pressure tests. 

When a brazed pipe is tested to destruction, the strength is rarely 
fonnd to be more than about one-half of the theoretical strength, 
owing to the deterioration of the metal in the neighbourhood of the 
joint. Yarious suggestions have been made, and various devices tried 
with a view to overcoming this difficulty, but up to the present no 
teaUy satisfactory solution has been found. 
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Table LX.— Thickness of Gim-metal Pipes, T Pieces, &c. 


Biameter 
, In 
^ inches. 


Plain pipes. 


T pieces. | 


Calculated 
thickness. 


Thickness to he. 


Calculated 
thickness. 


Thickness to be.| 


M.P. 


L.P. 


H.P. 


L.P. 


H.P. 


L.P. 


H.P. 


LP. 


inches. 


inch. 


inch. 


inch. 


inch. 


inch. 


inch. 


inch. 


incb. 


1 


•09 


•07 


% 


Y\ 


•10 


•07 


34 


M 


iy4 


•10 




% 


% 


•11 




M 


y* 


1% 


•11 . 


•08 


y^ 


J4 


•12 


•08 


Vi 


y* 


1% 


•12 


... 


Ya 


a 


•13 


... 


y* 


54 


2 


•13 


•09 


Ya 


Y\ 


•14 


•09 


Vi 


y* 


2}4 


•14 


... 


Ya 


% 


•16 


... 


% 


% 


2% 


•16 


•10 


Y4. 


% 


•17 


•10 


% 


)4 


2% 


•16 


... 






•18 


... 


y* 


y* 


3 


•17 


•11 


Ya 


^ 


•19 


•11 


y* 


y* 


i§ 


•18 




'X, 


% 


•20 




54 


y4 


•19 


•12 


y4 


•21 


•12 


•X. 


% 


3% 


•20 . 


... 


y.. 




•22 




•X. 


% 


4 


•21 


•18 


•X. 


% 


•28 


•13 


•X. 


y* 


4% 


•28 


•14 


v.. 


^ 


•26 


•14 


•X. 


y4 


5 


•25 


•16 


Vi. 


•>?. 


•28 


•16 


Vi. 


y4 


6% 


•27 


•16 


% 


•30 


•16 




'X. 


6 


•29 


•17 




Vi. 


•33 


•17 


% 


'X. 


6% 


•31 


•18 


% 


Vi. 


•35 


•18 


% 


•x. 


7 


•33 


•19 


% 


•x. 


•37 


•19 


% 


'X. 


7% 


•35 


•20 


% 


•X. 


•40 


•20 


'X. 


•X. 


8 


•37 


•21 


% 


•x. 


•42 


•21 


'X. 


'X. 


8% 


•39 


•22 


'/» 


•X. 


•44 


•22 


'X. 


V,. 


9 


•41 


•23 


'X. 


•X. 


•46 


•23 


% 


•X. 


m 


•43 


•24 


'/x. 


•x. 


•49 


•24 


% 


•X. 


10 


•46 


•26 




•x. 


•51 


•25 


•X. 


'X. 


10% 


•47 


•26 


% 




•63 


•26 


•X. 


% 


11 


•49 


•27 


% 


% 


•66 


•27 


•X. 


% 


11% 


•51 


•28 


•/i« 


% 


•68 


•28 


% 


% 


12 


•53 


•29 


•/l6 


% 


•60 


•29 


% 


% 


12% 


•65 


•30 


Vie 




•63 


•30 


% 


% 


13 


•57 


•31 


% 


% 


•65 


•31 


"X. 


% 


13% 


•59 


•32 


% 


% 


•67 


•32 


"X. 


% 


14 


•61 


•33 


% 


% 


•70 


•33 


% 


% 


14% 


•63 


•34 


"/l6 




•72 


•34 


% 


% 


16 


•66 


•36 


"/l6 


% 


•74 


•36 


% 


% 


16% 


•67 


•36 


"/l« 


% 


•76 


•36 


"X. 




16 


•69 


•87 


% 


% 


•79 


•37 


"X. 


% 


16% 


•71 


•38 


% 


Vi. 


•81 


•38 


"X. 


Vl9 


17 


•73 


•39 


% 


'Ae 


•83 


•39 


% 


'X. 


17% 


•76 


•40 


% 


Vis 


•86 


•40 




'X. 


18 


•77 


•41 


"/l« 


Vie 


•88 


•41 


% 


'X. 
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The Admiralty haye tried winding all steam pipes oyer 8 inches 
in diameter with 'X«'^uch copper wire (making all bends, &o., in 
^^n-roetal), and have thereby about doubled the bursting pressure ; 
but this can only be looked upon as a temporary expecUent. The 
results of some tests showed that a wired pipe stood just about the 
pressure it ought to haye stood when unvdrea, nad the copper not been 
injured in the brazing. 

One result of the aboye-mentioned difficulties has been to giye 
an impetus to the use of welded wrought-iron pipes, and for 
modem high pressures they are probably the best type that can 
be used. 

Since the elastic limit of good sheet copper is reached at about 
5500 lbs. per square inch, and the same limit for sheet copper more 
or less injured in brazing is undoubtedly considerably lower, great 
caution should be used in testing brazed pipes by water-pressure, and 
the test pressure should be no higher than is absolutely necessary. 
Opinions will, of course, differ as to what relation the test pressure 
should bear to the working pressure, but there can be no doubt that 
the test of double the workmg pressure (demanded by the Board of 
Trade and Lloyd's), is much too high for modem working pressures, 
and is likely to do more harm, by permanently injuring tne pipes, 
than good by reyealing defects. 

With a yiew to keeping down the thickness of copper necessary, 
and thus ensuriuff more reliable brazed joints, with less risk of burned 
copper, some makers haye employed two and three separate smaller 
pipes in place of one larger one, and when copper pipes are insisted 
upon, the plan has its adyantages. 

The Board of Trade rules referring to pipes are as follows : — 

116. Suryeyors should pay particular attention to the examination 
and testing of steam pipes. 

All new copper steam pipes should be tested by hydraulic pressure 
to not less than twice and not more than two and one half times the 
working pressure, unless the case has been specially submitted to the 
Board for consideration. 

Wrought-iron lap-welded steam pipes should be tested by hydraulic 
pressure when new to at least twice the working pressure, but not to 
more than 3 tiroes, unless the case has been specially submitted to the 
Board for consideration. 

As regards old pipes the Suryeyor may at any time he thinks it 
necessary, before ho giyes a declaration, haye them tested by hydraulic 
pressure to satisfy himself as to any doubtful part, but th^ should be 
tested, with the lagging remoyed for examination, at least once in 
about eyeiT four years to not less than double the working pressure. 
A record of the test should be kept in the office boiler book. 

There should be efficient means proyided for draining all the steam 
pipes. 
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117. The working pressure of well made copper pipes when the joints 
are brazed is found by the following formula : — 

6000 X (T - tV) 1.. 

=^>^ iSLi-— working pressure ; 

T = thickness in inches ; 

D « inside diameter in inches. 

When the pipes are solid drawn and not over 8 inches diameter 
substitute in the foregoing formula -^ for ^. 

118. The internal pressure on wrought-iron pipes made of ^ood 
material, which are lap-welded and are a sound job, may be deteraained 
by the following formula, provided that the thickness is not less than 
J inch :— 

T >" thickness in inches ; 

D » diameter inside in inches ; 

6000 X T , . 

=- — working pressure. 

119. Feed pipes should be made sufficient for a pressure 20 per cent, 
in excess of the boiler pressure. 

120. In all cases in which a socket expansion joint is fitted to a bent 
steam pipe, the Surveyor should require a fixed gland and bolts to be 
fitted, in order to prevent the end of the pipe being forced out of the 
socket. This regulation should be complied with in all cases of bent 
pipes fitted with socket expansion joints. It is also desirable that 
fixed glands and bolts should be fitted to the expansion joints of 
straight steam pipes, as cases have occurred, particularly with small 
straight pipes, in which the ends of the pipes have been forced out of 
the sockets. 

Tables LYII. and LVIII. are calculated in accordance with the rules 
given in paragraphs 117 and 118 of the above rules. 

Lloyd's rule referring to pipes is as follows :— 

32. In all steam pipes provision is to be made for expansion and 
contraction to take place without unduly straining the pipes, and all 
main steam pipes are to be tested by hydraulic pressure to twice the 
working pressure, in the presence of an Engineer-Surveyor. 

Pipe arrangements. — The greatest care should be taken in schem- 
ing arrangements of steam and exhaust pipes to keep them as far as 
possible in the same horizontal plane ; a ''pocket" in which water can 
collect must never be permitted under any circumstances. Neither 
should a steam pipe which has been led horizontally for some distance 
be suddenly bent up into the^ vertical ; all sharp bends are sources 
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of duiger, and to be ayoided, but sbarp rising bends are specially 
so. 

The proYision of proper arrangements for draining all steam pipes, 
regulator yidve boxes, shut-off valve boxes, &c., is also a matter 
requiring the closest attention. — as water that has once left the boilers 
and entered the steam pipes will never, with any ordinary arrange- 
ment of pipes, drain back to the boiler in the face of the issuing steam. 
Wliere the pipes are long it is verv necessary to provide collectors of 
some sort, — as traps do not act wiui the necessary rapidity ; the inlet 
pipes to the collectors should be large, and so placed as to arrest and 
lead away the rapidly moving water. 

The question of the arrangements necessary to allow for the expan- 
sion of such pipes as vary much in temperature is a difficult one, 
and can only be very geneially treated here. 

Steam pipes for modem pressures are so thick and so rigid that 
bends are of little or no use for giving elasticity, and stuffing-boxes 
should be provided wherever expansion and contraction will take place 
in ordinary work. 

If expansion stuffing-boxes and glands are not entirely of gun-metal, 
as is usual in Kaval work, the glands should be of that metal, and the 
bodies so bushed or lineii with it as to prevent the x>ossibility of rust- 
ingup and conseauent jamming. 

These stuffing-boxes should be cast with the necessary flanges or 
brackets for securing them to the bulkheads or deck-beams, and the 
fixed end of each length of piping (the end furthest away from the 
stuffing-box), should Iw anchored in a similar way ; if the pipe does 
not pass through a bulkhead to which it can be fixed by means of a 
'* bulkhead flange," this anchorage may be obtained by casting 
a bracket on some T plp© or stop-valve, or by inserting a special 
short length of gun-metal pipe with the necessary bracket cast 
on it. 

Care must be taken that bulkheads and other parts of the stractnre 
of the ship receiving thrusts from large steam pipes, are sufficiently 
strengthened or stiffened by means of brackets or angle-bars, or by 
other suitable methods. 

In the best class of work the end of the pipe that enters the stuffing- 
box is always made as a separate piece m cast gun-metal, and this 
method has the advantage that the pair of flanges at the junction 
between the gun-metal pipe and the copper or iron one, forms a 
convenient "guard flange," or flange to take the "guard** bolts which 
prevent the pipe from being blown out of the stuffing-box. These 
guard bolts should never be omitted except the pipe be very short and 
rigid, and the end attachments also very rigid, — as fatal accidents 
have occurred in the past owing to their aosence. 

It is also very important Uiat those in charge of the fitting-up 
of the pipes on board ship should have full and clear infor- 
mation (a special small scale tracing or diagram is best) as to the 
amount of expansion anticipated, and to be provided for, at each 
stnffing-box. 
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Gases sometimes occur in which a 
certain amount of relief is given by a 
long elbow, and the length in the direc- 
tion of the general lead of the pipe is 
hardly so great as to necessitate a 
stuffing-box. 

If AB (Fig. 63) is long (say not less 
than 10 diameters), and AC is too short 
to make a stiiffing-bqx at C necessary, 
the strains at B may be reduced one- 
half by drawing the joint C together 
when cold, so as to bring AB into the 
position DB, — DA being equal to half 
the anticipated expansion of AC ; then, 
when the pipe is hot, AB will assume 



woen ine pipe is not, a£> wiii assume ■ 

the position EB instead of FB, — where lo 

AE IS equal to one-half AF. \ 



Fig. 63. 
., STOP VALVES. 

These should always be made with the spindle a separate piece, 
distinct from the valve, and so attached as to allow a little " play,"— 
thus enabling the valve to accommodate itself to the seat when the 
latter is slightly *' out of truth." 

Steam stop valves, above about S% inches diameter, should have 
external and accessible spindle nuts, carried in crossheads or bridges ; 
for water valves this is not so necessary, but it is usually best to make 
only one type of valve for both purposes, — only varying the strengths 
of the parts. 

Screw glands should not be used for valves over 1 inch in diameter, 
and, when used, should always be fitted with some means of 
locking. 

Ordinary gland studs should be fitted with "check" or "lock" 
nuts and split pins. 

Hand-wheels for stop valves should never be turned and polished ; 
they are better left rough and served with twine. 

For large valves (over 10 inches in diadleter say) a forged cross- 
handle (four arms), with the ends turned over at right angles, either 
towards or away from the valve, is better than a wheel ; many 
engineers prefer this type of handle to the hand-wheel for all valves 
above about 4 inches diameter, and there is much to be said in its 
favour. 

For boiler-room valves a similar forged handle, but with only two 
arms, one bent outwards and the other straight, is the best. 

For very large stop valve chests the Ijest material is, undoubtedly, 
cast-steel. Trouble is occasionally caused by unsound castings, but 
this cannot be regarded as unavoidable. 
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In Naval practice, all stop yalyes for water, oil, air, &c., are entirely 
of gtm-metal, and steam valves of small and moderate sizes are con- 
structed in the same way, whilst the larger sizes have commonly cast- 
steel chests with gnn-metal seats, &c. 

The number of joints . may often be considerably reduced by 
casting the expansion stuffing-boxes along with the stop valve" 
chests. 

The handling of large shut-off valves may be much facilitated by 
the addition of a small by-pass valve. 

The whole of the valves in any vessel should open or close by turn- 
ing the hand- wheel in the same direction. The Admiralty rale is to 
close with a right-hand motion. To remove all doubt it is a good 
plan to cast on the upper surface of all hand-wheels the words 
*• open " and " shut," thus :— OPEN< — X — ►•SHUT. 
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CoaL — ^The chief varieties of coal and their leading characteristics 
are as follows : — 

(1) AjUhracUe, consisting almost entirely of free carbon, generally 
jet black in appearance, but sometimes greyish like black lead, has a 
specific gravity generally of about 1 '5, but sometimes as high as 1 '9 ; 
it bums without ' emitting flame or smoke, but requires a strong 
draught to burn at alL It is capable of evaporating (theoretically) 
nearly 16 times its weight of water, but to obtain good results from it 
careful stoking is necessary, as when suddenly exposed to heat it does 
not cake but becomes very friable, breaks up into small pieces, and 
falls through the bar-spaces if disturbed much. The fires should be 
worked light when usine it, and the coal carefully spread. The heat 
is very intense and local, so that furnaces intended to bum it should 
be high in the crowns. 

(2) Dry bituminous coal contains from 70 to 80 per cent of carbon, 
and about 15 per cent, of volatilizable matter ; its specific gravity is 
from 1 '3 to 1 *45. It bums easily and swells considerably while being 
converted into coke. The harder kinds do not burn so readily, nor 
do the pieces stick together so easily when burning, and are generally 
well adapted for marine boilers. 

(3) Bituminous caking coal, containing from 50 to 60 per cent, of 
carbon, is generally of about the same specific gravity as the dry 
bituminous ; it contains, however, as much as 30 per cent, of vola- 
tilizable matter, and consequently develops hydro-carbon gases ; it 
bums with a long flame, and sticks togetner in caking, so as to lose 
all trace of the original forms of the pieces. It requires special means 
to prevent smoke. 

(4) Caniiel coal, or long flaming coal, — This is seldom used for 
steam purposes, as it gives off large quantities of smoke, and is very 
scarce. It is the best coal for the manufacture of ^as. 

(5) LignUe, or broum coal, is of later formation than the other 
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coals, and in some instances approaches to a ptoty nature. It con- 
tains, however, when good, from 56 to 76 per cent, of carbon, and 
has a specific gravity from 1*20 to 1*35. It also contains large 
quantities of oxygen, and a small quantity of hydrogen. The con- 
moner kinds of "lignite are poor, and contain as little as 27 percent, 
of carbon, and therefore are not suitable for steaming purposes. 

Wood. — Dry wood contains on an average about 50 per cent. 
of carbon, 41 of oxygen, and 6 of hydrogen. 

Patent fuels.— These usually consist of coal-dust, mixed with a little 
coal-tar and pressed into hard bricks ; their value depends very much 
on the class of coal from which they are made. 

The value of a fuel is determined by its chemical composition. 
All fuels contain more or less carbon, most have also hydrogen 
and oxygen in various proportions, and some contain small quantities 
of nitrogen, sulphur, &c., in addition. 

The ordinary symbols for these substances and their combining 
weights are as follows : — 

Carbon — symbol C — combining weight 12. 

Hydrogen „ H „ - 1. 

Oxygen „ O „ 16. 

Nitrogen „ N" „ 14. 

Sulphur I, S „ 32. 

When they combine chemically one with another,' as in combustion, 
they invariably do so in the ratio of their combining weights, or of 
some multiple of the same. Thus, — 

Carbonic oxide — symbol COj — Cjj + Oj^. 

Carbonic acid ,, COj — C^ + Osj. 

Water . . „ HjO - Hj + Oig. 

defiant gas . „ CHj - C^^ + Hj. 

Marsh gas . „ CH4 = Cja + H4. 

Atmospheric air is a mechanical mixture of nitrogen and oxygen in 
the proportion of 77 parts by weight of the former to 23 of the latter. 

The heat developed by anv substance during combustion is called its 
total heat 0/ comhistion, and is measured in units ofheai or thermal units. 

The British thermal unit is the amount of heat required to raise 
one pound of pure water on^ degree Fahrenheit when at or near 
its greatest density (39*1'' F.). 

The Mechanical equivalent of heat is the number (772) of foot- 
pounds of energy required to raise one pound of water one degree 
Fahrenheit ; or in other words, — 

1 British thermal unit — 772 foot-pounds, 
or 1 Horse-power = 33,000 foot pounds «= 42*74 thermal units. 

To fully bum 1 lb. of carbon (or convert it into carbon dioxide or 
•' carbonic acid "), 2*7 lbs. of oxygen, or 12 lbs. of air are required, and 
a total heat of combustion of 14,^500 units is developed, — i.e., sufiicient 
to evaporate 15 lbs. of water from and at 212**. If, however, the air 
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supply is restricted or deficienti there is a tendency to the prodaction 
of carbon monoxide or ''carbonic oxide/' — a product requirinff only 
lialf the amount of oxygen for its formation,— and the total heat 
developed is then only 4400 nnits. 

Each pound of hydrogen requires 8 lbs. of oxygen or 36 lbs. of air 
for its complete combustion, and developes in combining 62,032 units 
of heat, — sufficient to evaporate 64 lbs. of water from and at 212**. 

Sulphur exists only in small quantities in good coal, and its total 
heat of combustion is only about 4000 units per pound. 

When two substances combine chemically, or are ''burned," the 
weight of the products of combustion is the sum of the weights before 
combination, — e.g., 1 lb. of carbon uniting with 12 lbs. of air gives 
13 lbs. of carbonic add ; and the temperature of the products is found 
by dividing the total heat of combustion by their weight multiplied 
by their specific heat. 

The specific heat of any substance is the quantity of heat required 
to raise a pound of it one degree Fahrenheit, and is measured by the 
ratio that this quantity bears to the quantity required to raise a 
pound of water one degree, — 1.«., to the British thermal unit ; thus, 
—the specific heat of hydrogen, at a pressure of 30 inches of mercury, 
is 3*4, and of carbonic acid '216, &c. 

When oxygen and hydrogen are both present in a fuel they combine 
to form water (or rather steam) without developing anv heat, and it is 
therefore only when there is an excess of hydrogen that any heating 
effect is produced. 

The following rules are deduced from the above considerations : — 

Rule 207."-Total heat of combus-) ( / o\ 1 

tion of one pound of fuel,— in ther- }--.44,6004 C + 4-28( H--^) \, 
mal units J I \ 8/ J 

Rule ao8.— Theoretical evanor-^ ( , 0\ 1 

ative power of one pound of fuel, — J--15-| C + 4 •28( H - -^ ] K 
expreied in pounds of water J ^ \ ' ) 

Rule 209.— Number of pounds^ , qx 

of air required to bum one pound >- — 12C + 36( H - - - | . 
offuel^ J V Sy 

Ordinary coal or coke requires for its complete, combustion 12 lbs. 
of air per pound of the fuel, but in practice, with chimney draught, 
twice this quantity must.be supplied,, as much ^ir. passes through the 
furnace in an uncombined state. 

At the temperature of 62° F. and at the sea-level, the volume of 
1 lb. of air is 13*14 cutic feet ; therefore 315 cubic feet of air are 
necessary for the proper combustion of 1 lb. of coal or coke in 
an ordinary furnace. If artificial or forced draught is employed, this 
quantity may be reduced to about 260 cubic feet, more or lessj accord- 
ing to the force of the draught 

The following Table gives additional information as to the composi- 
tion, total heat of combustion, and evaporative value of various fuels: — 

14 
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Rate of combnstion. — In the mercantile marine, when working 
economically with chimney draoght only, the coal burned per aqnare 
foot of grate per honr Taries from aboat 15 lbs., with long bars (6 feet 
to 6 feet 6 inches), to aboat 20 lbs. when the length of the bars does 
not exceed 1'38 x diameter of fomace, and all calculations for grate 
areas of merchant steamers should be based on these iigores ; for, 
although larger quantities may be consumed by forcing the fires, or 
may, perhaps, be completely burned when the wind is strong and 
draugnt good, there win be, on the other hand, many days when the 
quantity burned will be less than the avera^ given aboye. 

The higher efficiency of the shorter bars is largely due to the better 
air supply, since, with a given diameter of furnace, the area at the 
mouth of tiie ash-pit is the same whether the bars are long or short ; 
and it is no doubt for this reason that Mr Macfi&rlane Gray's rule, — 
that the eonsumpUon of eocU per foot of ffrcUe is very nearly proporiumal 
to the diameter of the furnace^ — is found to be so nearly correct in 
everyday practice. Another cause of the higher efficiency of short bars 
is the fact that bars over about 5 feet in length cannot be properly 
stoked by hand, —the result being that the fiiie bums into holes at the 
back end, and allows cold air to rush in, — ^thus depriving the 
other parts of the fire of their due proportion of air and reducing the 
efficiency of the furnace. In practice the efficiency of a grate over 4 
feet in length is nearly inversely as its length. 

The rate of combustion also naturally depends a good deal on the 
quality or dass of ooal burned, but by far the most important factor 
is the strength of the draught 

Chimney or funnel. — The draught obtained with any chimney 
depends mainly on its sectional area, its height, and the difference 
of absolute temperature between the gases in it and the external 
air. 

Professor Bankine gave the following formulse for chimney 
dranght : — 

Let w be the weight of fuel burned in a given furnace per second in 
pounds. 

Yq the volume at 32° of the air supplied per pound of f ael. 

To the absolute teroperatare at 32° Fabr., which is 461* +32°, 

Ti the absolute temperature of the gas discharged by the chimney, 
whose sectional area is A ; then, — 
Velocity of the current in the chimney in feet per second is 

tg X Vq X Ti 
" A X To 

The density of that current in pounds to the cubic foot is very 
nearly 



-^^(o-0807+^J; 



that is to say, from 0*084 to 0*087 x (to-tTi). 

Let I denote the whole lengtii of the chimney, and of the flue 
leading to it, in feet ; 
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m its ** hydranlio mean depth ; " that is, its area divided by its 
perimeter ; which, for a square or round flue and chimney, is one 
quarter of the diameter ; 

/, a coefficient of friction, whose value for currents of gas moving 
over sooty surfaces is estimated by Peclet at 0*012 ; 

g, a factor of resistance for a passage of air through the grate, and 
the layer of fuel above it ; whose value, according to the experiments 
of Peclet on furnaces burning from 20 to 24 pounds of coal per square 
foot of grate per hour, is 12. 

Then according to Peclet's formula, — 

The ?iead required to produce the draught in question is 

2g\ mr 

which, with the'values assigned by Peclet to the constants, becomes 



»iiYi8+?:?i?±iY 

2flf\ m J 



When the head is given the value of ^l may be calculated, and 
then. 

Weight of fuel which the furnace is capable of burning completely 
per hour 

^ ft X A X tq 

VoXTi ' 

It is usual to reckon the head by taking one inch of water as the 
unit;, then, — 

Head in inches of water-.0-192 xhx I?A-0807 + ~ Y 

Mr Thomycroft has found, by careful experiment with steam 
launches and torpedo boats working with a pteiivm (that is, with a 
closed stokehole into which air is forced), " that of the initial pressure, 
the resistance of the tubes accounts for about sev^n -tenths of the 
whole, the resistance of the fire and fire-bars being only about one- 
tenth ;" and that ''the pressure in the funnel, as measured, was 
sensibly equal to atmospheric pressure." 

. Professor Bankine also stated that if H be the height of the funnel, 
r, the absolute temperature of the external air, then, — 

Head produced by chimney draught 



-H(^0-96^,- iV 



or, taking h as the head. 
Height of chimney required to produce a given draught 



-A-5-(o-96li- iV 



Tflie velocity of t he gas in the ehimney is proportional to 
V^ and therefore to \/0*96 n- rg. 



GHIMK8T OB FUVNEL. 213 

The dendty of that gas is proportional to —. 
The weight discharged pe r second i s proportional to velocity 
X density, and therefore, to--- tZiX; which ezpres»ion becomes 

or 

a maximum, when Ti—--r2. Therefore the best chimney draught 

takes place when the absolute temperature of the gas in the chimney 
is to that of the external air as 25 to 12. 

When this condition is fulfilled A-H. 

That is, the height of the chimney for the best draught is equal to 
the head expressed in hot gas, and the density of the hot gas is half 
that of the air. 

From the above it anpears that the best temperature of gases at the 
base of the funnel is about 600% and that therefore nearly cue-fourth 
of the total heat of combustion is absorbed in creating the draught. 
With modem high pressures, and correspondiugly hish temperatures, 
it is not generally posjsible to keep the gases below aoout 750°— that 
is, — with the proportions of heating surface to grate surface, size of 
tubes, &c., commonly employed. During a I^val forced draught 
trial, the temperature at base of funnel is not usually much below 
1200% 

A convenient and easily applied rule for size of chimney is as, 
follows: — 



(x): 



Rule 210.— Height of chimney in feet » '007 

Rule 2Zoa.— Area of cfaimney in square feet - ^ ^ 'l: . 

Vh 

Where H » Height in feet, 

A"" Area of section in square feet. 

C» Consumption in lbs. per hour on grates. 

Where the draught depends on the chimney alone, 40 feet should 
be regarded as the minimum height ; chimneys measuring 90 feet 
from the dead plates have recently been fitted in some Naval ships, 
and in one recent case chimnej's of 100 feet have been fitted in a 
large mail-boat. 

Ordinarily', in the merchant service, the area' of chimney is about 
ith to i^th of the grate area, whilst in the Navy they are seldom 
larger tihan fth, and vary from fth to ^th, according to the air- 
pressure intended to be used. 

The thickness of funnel plates may be approximately as follows :— • 

Upper plates ... 'l-inch + ('025 inch for each foot of diameter). 

mddle „ ... •126,, -K-025 „ . „ ). 

Lower „ ... -15 „ +('025 „ „ ). 

If the funnel is stiffened by angle, tee, or channel rings or hoops, 
somewhat thinner plates may be used. 



2H FU£LS, COMBUSTION, ETC. 

The funnels of Naval ships are made considerably lighter, the plates 
rarely exceeding '/{e-inch in thickness. 

When a number of boilers are served by the same funnel, and some 
of the furnaces are much further away from the base of the funnel 
than others (as is sometimes unavoidably the case in Naval Vessels) 
dampers for regulating the force of the draught should be fitted in 
each *' leg" of the uptakes. 

Similarly, — proper arrangements (flues, screens, &;c.) should be 
fitted to distribute the air in the stokeholes, when the '' closed stoke- 
hole " system, of forced draught is used. 

Smoke-box doors should be made ^* three thick," — and arrangements 
should be made to obtain a good current of air between the inner and 
central plates, whilst the space between the central and outer plates 
should be filled with some good non-conducting substance. 

Forced Draught. — In the Navy the ''closed stoke-hole " system 
of forced draught is now generally used ; as the name implies, the 
whole stoke-hole is made air-tight, and the fans force air down into 
it, — the men working under pressure and entering and leaving through 
air locks. 

Of the ''closed ash-pit" systems, Mr Howden's is the only one 
that is used to any considerable extent. In this system the air is 
led by pipes from the fans to each furnace separately, and can thus 
be shut off from any one before opening the door, so that the rush of 
cold air, which is such an objectionable feature in the closed stoke- 
hole system, is entirely avoided. Mr Howden also heats the air 
supply to 180"* to 200"* by passing it amongst a number of tubes 
placed in the uptake, and tnus no doubt materially increases the 
e£Sciency of the furnace, since this increase of temperature so 
facilitates combustion as to give a gain much in excess of the actoal 
amount of heat stored in the air. 

The great advantage of artificial or forced draught is that it is 
at all times completely under control, and quite independent of wind 
or weather, thus ensuring a uniform efficiency of furnace with all 
ordinary qualities of coal, and with almost any rate of combustion 
that may be required. In Naval ships it is a necessity, — since the 
■ chimney may be entirely destroyed at any moment. 

Pressures of air in stoke-holes, &c., are usually reckoned in inches 
of water (often called for shortness "inches" simply), and aie 
measured by a "water-gauge," — an instrument consisting of a bent 
glass tube of U form, partially filled with water, and having the 
open end of one leg exposed to the pressure to be measured, and the 
other in communication with the outer air. The pressure is indicated 
by the difference in level of the water in the two legs, and is read off 
from a scale attached to the instrument. 

The following Table shows the rates of combustion and of evaporation 
usual on sea trials of various classes of vessel, under the conditions 
named : — 
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With inferior coal, rach as ateamers are often obliged to use on foreign 
stations, the figures given in columns 5 and 6 may be reduced as 
much as 20 per cent, whilst on the other hand, with picked coal 
and highly skilled stokers, they may be increased nearly 10 per 
cent. 

The feed temperatures usual in the respective classes of vessels are 
assumed, and allowance should be made for any special feed-heating 
apparatus that may be fitted. 

The evaporative efficiency of the boilers of cruisers and battle-ships 
appears lower than it really is, as a large amount of steam is con- 
sumed by the numerous auxiliary engines, but is left out of con- 
sideration here on account of the great difficulty of forming any 
reliable estimate of its quantity. 

By way of a comparison with the figures given in the above Table, 
it may be noted in passing that a goods locomotive consumes about 
40 lbs. of ooal per foot of fire-grate per hour, and an express passenger 
engine from 65 to 80 }bs. ; and, as the evaporative efficiency of the 
locomotive boiler is high, the water evaporated per square foot of 
grate per hour may be taken as about 420 lbs. for the goods engine, 
and from 650 to 750 lbs. for the passenger engine. 

Table LXIII. (page 216) shows the average amount of coal 
consumed per I.H.P. on sea trials of various types of steamship, 
the I.H.P. ordinarily obtained from each square foot of grate in the 
same circumstances, and also the usual proportions of heating surface. 

For the following very valuable Table (page 218), —giving most com- 
plete details as to the performances of the machineiy of a number of 
first-class Torpedo-boats, — the authors are indebted to the courtesy 
of Messrs J. I. Thomycroft & Co., the eminent Torpedo-boat builders 
of Chiswick, London, W. 

The steam used by the various auxiliary engines is assumed to be 
all consumed by the main engines. 

The thanks of the Authors are also due to Messrs Yan^ow k Co., the 
eminent Torpedo boat builders of Poplar, London, E., for the very 
interesting summary of their present practice, as regards 1st and 2nd 
Class Torpedo boats, given in Table LXIIIb. (page 219). 
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TaUe LXIIIb.— Messrs Yarrow's Standard Torpedo 
boat practice. 



r Length 
[Breadth 



Standard Sizes 

Displacement 
Load carried 
Aven^ / Triple engines 
speed \Qaadmple ,, 



Type of engine 



Cylinders andf''^P^^ 
^*~^® \ Quadruple 



130 feet 

13 feet 6 inches 

85 to 90 tons 

25 tons 

23 to 23^ knots 

Up to 24i knots 

Inverted triple, sur 

face condensing, 

three-crank ; or 

quadruple four-crank 

1 4^—21^—32 ' 

16* Stroke 

14»__20"— 27"— 36" 



Batios of 
cylinders 



f Triple 
\ Quadruple 



Type of boiler -j 

BoUer /Triple 

pressure \ Quadmple 

Air pressure < 

Coal burned per square 1 

foot of grate per hour j 

Heating surface per j 

square foot of grate \ 

Revolutions ( Triple 

per minute -| 

at full power ^ Quadruple 

I.H.P. per square foot of J 
grate 1 



IstClaasj 
Toxpedo Boat. 



2nd Class 
Torpedo Boat. 



60 feet 
9 feet 3 inches 
About 16 tons 

4 tons 
About 17i knots 

Inverted triple 
. surface condensing 
I three crank 

S'^— 12^^— 17i" 
9* Stroke 



1 : 2-25 : 478 



16" Stroke 
1 :2-09 :4-87 
I : 2-04 : 372 : 661 
By preference, Loco, type, for durability 
and easy access ; but Water-tube boilers 
of "Yarrow" type* when high trial trip 
speed is first consideration. 
160 to 180 lbs. I 160 to 180 lbs. 

200 to 220 lbs. I 

Average under 3 inches, but occasion- 
ally as high as 5 inches. 

60 to 100 lbs. 

With Locomotive boilers 45 to 50 

square feet. 
About 410 About 560 

About 435 

Triple engines and Locomotive boilers, 

35 to 38 LH.P. 

Quadruple engines and Loco, boilers, 

37 and 40 I.H.P. 



♦When water-tube boilers of the " Yarrow " type are used, the 
grate-bar area and heating surface obtained are about 50 per cent. 
greater than with Locomotive type boilers, and the quantity of coal 
burned per square foot of grate is much reduced. 
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With a 60 foot boat, fitted with triple engines andtnbnloiu boiler, 
Messrs Yarrow have recently obtained a speed of 19% knots ; and with 
a 130 foot boat, fitted with quadruple engines and Locomotive type 
boiler, — a speed of 24^ knots on a two hours continuous run ; and tney 
believe these speeds to be the highest recorded for these classes of boat. 

From one of their tubulous ooilers, weighing 8 tons, they liave 
obtained 300 I.H.P., — a performance which they also believe to he the 
highest on record. 

EVAPORATION, HEATING SURFACE, Ac. 

The efiSciency of the heating surface of a boiler depends on, — ^its 
position, the material composing it and its thickness, the condition 
of the surfaces, and the circulation of the water in cont^t with it. 

(1) Position.— The most efficient heating surface is that of the 
furnace crowns and combustion chambers ; its high efficiency is due 
partly to the great difference of temperature between the two sides of 
the plates, partly to the freedom of the surfaces from deposit of soot 
or ash, and also in some measure to the fact that mineral or earthy 
matter dejtosited from the water does not readily adhere to vertical 
surfaces or to surfaces over which there is a good circulation of water. 

' Next in order of efficiency comes the upper surfaces of the tubes, 
more especially of the upper tubes at the ends next the combustion 
chambers, for the reason that the flame and heated gases always seek 
the highest possible course and rapidly lose heat in passing through 
the tubes, entering them at say 2400 and leaving them under 800", 
and also because the bubbles of steam disengage themselves more 
easily when they can rise directly from a surface. 

Wlien a ^^nest" of tubes is made very deep {i.e. when there are 
many rows one above another) it very often happens, for the reason 
just given, that the lower rows do little or no work, and would be 
much better absent from the boiler. 

The surfaces below the level of the fire-bai-s, and the front tube- 
plates are generally left out of consideration as of no value. 

(2) Material. — Amongst ordinary metals suitable for boiler con- 
struction, copper is by far the most efficient conductor of heat, its 
efficiency compared with iron or steel being about as 8 to 1 ; 
for various reasons, however, its use is now almost confined to the 
fire-boxes of torpedo boats, even brass tubes being now very seldom 
used except for the boilers of fast paddle steamers. 

Its high conductivity so reduces the possible difference in 
temperature between the fire side and the water side of a plate as to 
very materially diminish the racking strains that are ordinarily 
produced during the operation of getting up steam, and for this reason 
it is peculiarly suitable for the tube-plates of torpedo boat or other 
boilers in which the changes of temperature are sudden and great. 

(3) Condition of surfaces.— A perfectly smooth and clean metallic 
surface does not give satisfactory results as a heating surface, but is 
apt to cause sudden and violent, though intermittent ebullition, and 
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for this TeasoD, few boilers work satisfactorily and steadily nntil they 
have aoqnired a thin film of scale or deposit. 

Since the cooling of the prodacts of combustion takes place mainly 
in the tubes, it is there that the soot is principally deposited, and 
tubes mast be swept more or less frequently, according to the class of 
coal used, if the efficiency o! the surface is to be maintained. 

The external sur&ces of the tubes, especially on the upper sides, 
are peculiarly liable to the accumulation of deposit where water con- 
taining salt or other mineral matter is used, as the upward circulation 
is naturally sluggish and much impeded in large * * nests " of tubes. 

(4) Circulation. — The proper circulation of the water over the heat- 
ing surfaces is of the very greatest importance, and no boiler in which 
the design and arrangements are not such as to promote such a 
circulation will ever steam satisfactorily or evaporate anything like 
the quantity of water that it would do with proper arrangements. 
The principal evils that result from defective circalation are, deposit 
of scale on the heating surfaces, over-heating, and consequent 
buckling of plates and leaking of tubes, and irregular and much 
diminished evaporative efficiency, oftentimes accompanied by inter- 
mittent fits of " priminc." 

Special difficulty has been found in getting a proper circulation of 
water over the back tube-plates (or in the case of locomotive type 
boilers, front tube-plates) of Naval boilers, mainly on account of the 
close ]>itch of the tubes and consequent contraction of the water ways ; 
and similar difficulty has also been experienced with the large flat 
(almost square) tops of the fire-boxes in boilers of the locomotive type. 

In this latter case, the cure is found in one or two water tubes, similar 
in function to *' Galloway " tubes, a cure which is just as effectual now 
as it was found to be many years ago in the case of large double- 
ended cylindrical boilers. A better arrangement still would probably 
be to divide the fire-box completely, making two distinct furnaces. 

The ideal condition of heating surface, as regards circulation, is un- 
doubtedly such as is found in the Herresholf and Thomycroft boilers. 

Diameter of tubes. — ^The diameter of tube has a considerable 
influence on the efficiency of the tube surface, for the contents in- 
crease as the square of the diameter, whilst the surface increases as 
the diameter only. Thus if a 4-inch tube be substituted for two 
2-inch ones, the absorbing surface will remain the same, but twice 
the quantity of gas will be passed, if the velocity of flow remain the 
same. If the velocity of flow be reduced in the 4-inch tube (to one- 
half) so as to pass onl^ the same quantity of gas as the two 2-inch ones, 
the 4-inch tube is still at a disadvantage, — inasmuch as the mean 
distance of the molecules of gas from its surface is greater than in the 
2-inch ones. 

When artificial or forced draught is used the diameter of tube 
should be smaller than for natural draught, — if length of tube and 
velocity of gas are to remain the same, — since the gases have a higher 
temperature and must be divided into smaller threads or streams if 
they are not to escape into the chimney at a wastefuUy high tempera- 
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ture : the draught, being of a positive nature, may be relied on to 
overcome the extra friction and prevent the (Hosing up of the 
tubes by soot with undue rapidity. 

The diameters of tube in ordinary use are as follows : — 

(a) Merchant steamer. Chimney draught. 3J inch or S^ inch. 

(b) „ . ,, Artificial ,, 3 inch. 

(c) Cruiser or battleship. ,, ,, 2i inch. 

(d) Torpedo gunboat. Loco type boilers. l| inch. 

(e) Torpedo boat. ,, ,, ,, 1 J inch to 2 inch- 
Quantity of water evaporated per pound of coal. — This of 

course depends not only on the quality of the coal, but on the type 
of boiler, and strength of draught, and on the skill of the stoker. 
The average evaporation of water that may be expected with good 
coal, under the various conditions indicated, is shown in columns 
5 and 6 of Table LXII. 

Equivalent evaporation from and at zi2° F.— In order to com- 
pare evaporative results obtained with different temperatures of feed 
and pressures of steam, it is necessary to eliminate the effects of the 
varying conditions by reducing all the results to one common standard. 

The standard generally employed is '^the equivalent evaporation 
from and at 212'* F.," — i.e.^ the number of pounds of water that would 
be evaporated in each case, per pound of coal per hour, if the feed 
water were supplied at 212* F., and completely evaporated under the 
pressure (one atmosphere) due to that temperature. 

On reference to the Table " Properties of Saturated Steam," page 333, 
it is seen that 966 (practically) thermal units are required to evaporate 
1 lb. of water from 212°, and under a pressure of one atmosphere ; so 
that, if the number of thermal units imparted to the water by 
each pound of coal during the test be determined, and divided by 966, 
the quotient will be the equivalent evappration from and at 212^ 
The quantity of heat imparted by each pound of coal is determined by 
referring to column 7 of the same table, opposite to the proper pressure, 
and there reading off the total heat, from 32**, contained in each pound 
of steam, deducting from this the number of units, above 32^, 
contained in each pound of feed-water as supplied, and then multiply- 
ing the remainder by the number of pounds of water evaporated, per 
pound of coal per hour, during the test. This operation is concisely 
expressed by the formula, — 



N^ia-N, { 



H-(^- 32) 1 , 
966 J' 



where Njis^ Number of lbs. water evaporated per lb. coal per hour, 
from and at 212**. 
Nt = Number of lbs. water evaporated per lb. coal under test 
conditions. 
H— total heat, from 32**, per lb. of steam at test temperature 
and pressure, 
^•-temperature at which feed was supplied daring test 
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Grate surface. — From the information given in Tables LXII. and 
LXIII., it will be an easy matter to determine the I.H.P. per foot of 
grate that may be anticipated (or the grate area that must be provided 
for any given I.H.P.) in the case of proposed new boilers of any of the 
types mentioned. 

Size of furnace. — The furnaces of cylindrical boilers should not be 
less than 30 inches in diameter, nor more than 48 inches, unless 
in exceptional cases : wherever possible a diameter of not less than 40 
inches should be given, as, with smaller furnaces, — owing to thickness 
of fire being practically constant for all diameters, — the space above 
the fuel is much contracted, and the combustion less perfect in 
consequence. As previously stated, long bars cannot be properly 
worked by hand, and are not so efficient as short ones : whenever 
possible they should be limited to a length of 5 feet. 

Number of furnaces. — 

Boilers up to 9 feet diameter may have 1 furnace. 
„ „ 13 ft. 6 ins. „ 2 furnaces. 

„ ,. 15 feet ,, 3 ,, 

,, beyond 15 feet ,, 4 „ 

If the boilers are double-ended the number of furnaces will, of 
course, be double the figure given above. 

Heating^ surface. — For the proper absorption of the heat developed 
in the furnaces and combustion chambers, the amount of heating sur- 
face necessary in the various types of boiler, and under the various 
conditions mentioned, is approximately that given in columns 6 and 7 
of Table LXIII. ; the amounts there given are ample for the purpose, 
and any addition will not only be inetfective (unless in very special 
circumstances), but will do positive harm by crowding up the water 
spaces, and spoiling the circulation. 

Steam room.— The steam room allowed in the various types of 
boiler, working at or about the pressures named, may be as follows : — 

Table LXIV.— Steam Room in Cubic Feet per I.H.P. 



Description of Boiler, &c. 


Type of Ensues. 


Working 
pressure. 


Steam room 
eft. per I.H.P. 


( Ordinary cylindrical ; 

\ mercantile, . 

i Ordinary cylindrical ; 

1 Naval/ ]^;^;' ; 

Ordinary cylindrical, 
Beotangular box, 
f tioeomotive type (tor- 
\ pedoboat, &c.), . 


Triple; screw. 

Compound; paddle, 

Simple ; paddle. 

Fast running triple 

or quadruple, 


160 lbs. 

f> 

120'ibs. 

30 to 35 lbs. 

160 to 

220 lbs. 


•60 

•55 
•45 
•60 
•70 

•20 



In cylindrical boilers the top row of tubes should be not less than 
'3 X, diameter of boiler from the top ; if higher the contraction of water 
surface is apt to cause priming. 
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Table LXV.— Dimensions and Weights 





Shell. 






Furnaces. 


Rules on which Constructed. 






II 






1 


1 


i 


1 


1 


il 


i 

1 




1 


i 


J 


i 




^S 


2 






Ft. in. 


Ft. in. 


Ins. 


Lbs. 




Ins. 


Ins. 


Admiralty. 


Steel 


16 6 


10 3 


U 


156 


4 


44 


i' 




, 




It 


1« 


18 


lA 


165 


8 


42 


A 










14 6 


17 6 


lA 


130 


6 


46 


1 








II 


14 6 


16 6 


lA 


180 


6 


41 








It 


13 4 


9 7 


1 


166 


3 


41 


A 








It 


13 1 


18 6 


1 


155 


6 


42 


'A 










13 1 


9 6 


1 


165 


3 


42 


A 








It 


12 6 


9 6 


1 


156 


3 


36 


i 








It 


11 6 


17 8 


1 


155 


4 


42 


f? 








It 


10 11 


17 6 


If 


165 


4 


36 


H 


Board of Trade and Lloyd's, . 


II 


14 6 


10 6 


JA 


160 


3 


42 


It ■ 1 


? II 


II 


14 3 
14 8 


16 
9 3 


i 


160 
160 


6 
3 


38 

38 


\ 


1. 1 




II 


14 


17 


160 


6 


4(: 


H 


M ' 






14 


10 6 


lA 


156 


3 


42 


^ 


1 




II 


13 9 


19 


i»A 


80 


4 


48 


i 


II 1 






13 6 


16 5 


165 


6 


40 


?. 


1 




II 


13 8 


16 3 


lA 


150 


6 


84J 


«i 


M 1 






13 


16 


IJL 


165 


4 


45 


*« 


It 1 




II 


13 


11 


1* 


160 


2 


48 


H 


II 1 




ti 


13 


10 6 


150 


3 


36 




1' 1 






13 


10 


lA 


150 


3 


38 


U 






If 


12 9 


11 


160 


3 


40 


f 


!• 1 






12 8 


16 6 


li 


160 


4 


88 


1 




II 


12 


16 3 


i| 


150 


4 


39 


A 


II 1 






12 


9 IJ 
16 6 


i| 


160 


2 


39 


tt 


II 1 




II 


11 9 


lA 

lA 


160 


4 


39 


U 1 




II 


11 9 


9 6 


150 


2 


89 


^ 


Board of Trade, . 




16 


11 




80 


3 


48 


H 


It 






II 


14 9 


16 6 


1 i 


160 


6 


42 


A 










14 9 


16 6 




80 


6 


42 


4 








II 


13 9 


15 




90 


4 


46 


h 


^j 








13 9 


10 6 


lA 


142 


3 


38 


i 


,, 






II 


12 9 


16 


1 


110 


4 


42 












12 3 


10 6 


\t 


160 


2 


42 


1* 


Tt 






«i 


12 3 


9 6 


200 


2 


42 








u 


11 9 


16 


1 


160 


4 


40 




jj 








11 9 


11 


1 


160 


2 


46 


i 


,j 






II 


10 6 


9 3 


■ 1 


150 


2 


38 




II 






II 


8 6 


8 6 


S 


150 


2 


30 












8 6 


6 


TT- 


80 


2 


33 


1^ 








II 


8 


8 6 


JL 


90 


1 


42 


i 


Lloyd's, . 






a 


16 6 


11 


i 


85 


4 


86 




ti • 






II 


14 3 


10 3 




80 


3 


42 




11 






It 


12 
11 6 


9 6 
9 6 


n 


80 
140 


2 
2 


41 
40 




11 . 






„ 


11 2 


18 3 


lA 


160 


4 


88 










11 


10 6 


9 3 




160 


2 


87 


u . 






It 


9 3 


9 IJ 


\ 


166 


2 


81 


i> 








II 


9 


8 6 


1L 


160 


2 


82 


A. 
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of Boilers actoaUy nuule. 

















Of Total Heating 


II 




Tobct. 




t0 


Weifflitof 








•| 






Snrteca. | 




. 




















oo 

^3 


1 


1 


4 
1 


i 


] 


^00 


1 


1 


1 


1 


1 


1 




Ini. 


Ft 


In. 


Sq.ft. 


Sq.ft. 


Toiw. 


Torn. 


Tou. 


Tom. 


Torn. 


Tom. 


2 


606 


2 









2676 


8176 


46-8 


22-6 


69-8 


1-47 


71 


818 




1203 


2 






7 


6106 


6006 


701 


48-6 


1187 


1-19 


74 


1-92 




700 


2 






9 


8886 


8960 


49-77 


30-46 


80-22 


1-26 


77 


8-06 




804 


a 






4i 


8288 


8868 


47-6 


29-62 


77-22 


1-23 


76 


1-99 




846 


2 






10 


1602 


1913 


27-4 


161 


42-5 


1-43 


79 


2-22 




706 


2 






9 


8218 


8886 


46-8 


267 


78-6 


1-22 


70 


1-92 




864 


2 






9 


1609 


1917 


26-4 


13-9 


40*8 


1-88 


•72 


810 




8S6 


2 






6 


1400 


1686 


24-8 


13-8 


38-6 


1-47 


•82 


2-29 




676 


2 






4 


2866 


2770 


38-0 


19-8 


62*8 


1-19 


-71 


1-91 




624 


2 






10| 


2306 


2580 


29-6 


16-6 


46-2 


117 


•66 


1-88 




282 


8 









1820 


2260 


40-0 


23-0 


630 


177 


1-02 


2-80 




690 


8 






8 


8074 


8620 


67-76 


30-6 


88-35 


1-60 


•84 


2-44 




206 


8 






8 


1687 


1910 


36-0 


17-6 


62-6 


1-88 


•91 


2-74 




466 


8 






9 


2840 


8376 


571 


30-0 


87-1 


1-69 


•88 


2-67 




226 


8 






H 


1484 


1870 


37-2 


19-6 


667 


1-99 


1-04 


8-06 




888 


8 






10 


2388 


2886 


40-6 


32-6 


78-0 


1-40 


113 


2-68 




486 


8 






4 


2860 


3000 


61-0 


20-0 


77-0 


170 


•86 


2-56 




468 


a 






4i 


2490 


3000 


45i> 


26-0 


71-0 


1-50 


•86 


2-86 




464 


8 






8 


2417 


2810 


467 


28^ 


75-8 


1-66 


1-02 


2-68 




176 


8 






6 


1270 


1600 


81-8 


17-2 


48-5 


1-96 


1-09 


2'06 




162 


8 









1024 


1360 


30-4 


16-5 


46-9 


2-24 


1-21 


3-46 




166 


8 









1086 


1845 


27-6 


15-8 


43-8 


2-04 


1-17 


3-21 




470 


8 






101 


1220 


1625 


30-0 


16-0 


460 


1-86 


•96 


2-88 




844 


8 






7 


2038 


2380 


397 


22-66 


62-26 


1-67 


•94 


2-61 




364 


8 






H 


1776 


2200 


88 


282 


66-2 


1-68 


1-24 


2-92 




182 


8 






A\ 


1000 


1240 


28-1 


13-04 


8614 


1-86 


1-06 


2-91 




844 


8 






li 


1766 


2040 


82-0 


21-0 


63-0 


1-66 


1-08 


2-6 




142 


8 






6 


830 


1066 


28-26 


12-2 


36-46 


814 


1-12 


8-28 




260 


3 






6 


1360 


1800 


82-76 


2276 


66-5 


1-83 


1-26 


8^08 




666 


8 






6 


3200 


8760 


68-2 


82-0 


90-2 


1-66 


-86 


24 




S82 


8 






2 


2021 


2600 


40-8 


28-26 


68-46 


1-61 


118 


274 




426 


8 






71 


1068 


2810 


3*7 


26-0 


60-7 


1-50 


1-12 


8-62 




192 


8 






8 


1840 


1780 


31-2 


20-2 


61-4 


1-8 


116 


2-96 




380 


8 






10 


1800 


2270 


857 


23-8 


69-0 


1-57 


1-03 


2-60 




180 


8 






H 


1196 


1480 


24-6 


15-0 


39-6 


1-65 


1-01 


2-66 




102 


8 






6 


1046 


1300 


27-0 


13-0 


40-0 


2-(7 


100 


3-07 


2 


848 


8 









1740 


2100 


31*4 


20-3 


617 


1-50 


1-00 


2-50 


I 


.128 


8 









990. 


1260 


22-6 


140 


,86-6 


.180 


1-12 


2-92 


118 


8 






8 


614 


810 


16-2 


10-0 


26-2 


20 


1-28 


8-28 


2 


104 


8 




11 


473 


600 


11-6 


6-68 


18-18 


1-98 


1-11 


8-04 


1 


64 


2i 







163 


250 


6-26 


47 


10-95 


2-50 


1-88 


4-38 


1 


80 


2 




9 


324 


420 


800 


5-8 


13-8 


1-90 


1-36 


8-26 


2 


274 


8 




6 


1858 


2250 


33-66 


28-6 


58-26 


1-60 


105 


2-55 


3 


198 


^ 







1261 


1570 


26-2 


18-8 


44-0 


1-60 


1-20 


2-80 


2 


172 


8 




4 


960 


1205 


20^ 


12-6 


38-2 


1-66 


1-00 


2-66 


2 


168 


8 




6 


913 


1145 


20-0 


107 


807 


174 


•93 


268 


1 


206 


8 







1310 


1685 


84-3 


21-2 


65-6 


2-08 


1-80 


8-33 


1 


110 


8 


6 





642 


800 


16-2 


9-0 


25-2 


2-02 


112 


816 


1 


104 


8 


6 


8 


641 


692 


18-2 


8-0 


21-2 


1-90 


1-15 


806 


2 


100 


8| 


6 





500 


655 


12-6 


6-6 


18-6 


1-92 


1-00 


2-95 



15 



226 PROPORTIONS OF BOILERS. 

Paddle engines should theoretically hare considerably larger steam 
spaces than we faster running screw engine, but in practice weight of 
machinery is of such great importance that everything is cut down to 
the lowest limit, and many compound paddle engines, working 
at pressures of 100 to 120 lbs., have not more than *55 cubic feet per 
I.H.P. 

Water spaces, &c.— The spaces between the furnaces themselves, 
between the furnaces and the shell, and between the combustion 
chambers, although sometimes made as narrow as 5 inches, are better 
5% inches, and even 6 inches when possible ; the space between back 
of combustion chamber and end of boiler should be 6 inches at 
the bottom, increasing to 9, 10, or even 12 inches at the top. 

A suitable pitch for tubes is 1 *35 to 1 '4 x external diameter of tube ; 
where weight is of great importance, as in Naval vessels, the tubes are 
sometimes pitched n little closer than this, but with water spaces 
so contracted there is always risk of priming. A fair average pitch is 
given by the rule, — 

Pitch of tubes - D + ^ + -35 inch ; 

where D is outside diameter of tube in inches. 

Whenever possible the tubes should be placed in horizontal and 
vertical rows, and not arrrinsed in any diagonal or zigzag fashion. 

The clear space between the nests of tubes should never be less tBan 
10 inches, and when possible should be 10^ or 11 inches, — in order 
that a man may be able to get down : manholes between the fumaoes and 
tubes can then be dispensed with, — a very important point, — for the 
life of a boiler depends to a very considerable extent on the number of 
openings in its snell, — the leakage from such openings being most 
destructive. For the same reason, longitudinal seams fcM^low the water 
level should be avoided as much as possible. 

Table LXY. gives particulars (dimensions and weights) of a number 
of boilers that have been actually constructed in accordance with 
different rules as indicated. 



Tables LXVI. and LXVIa. show the various dimensions and 
weights necessary, with the different types of boiler indicated, to 
obtain a constant heating surface (of 2000 square feet). 
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The following is a summary of the Admiralty, Board of Trade, aud 
Lloyd's rules relating to the construction of steel boilers : — 

Admiratty tests of material.— Every plate, &c., used is to be 
tested, and must comply with the requirements stated below : — 

Tabie LXVIL— Admiralty Tensile Tests. 



Description of material. 



Minimum Maximum 
ultimate ten- ultimate ten- 
sile strenerth, Bile strength, 

tons per I tons per 
square inch. I square Inch. 



Limit of 
elasticity in 

tons per 
square Inch. 



Minimum 

elongation in 

8 inches 

percent. 



Plate not exposed ) 
to jQame, . . { < 

Plate that is ex- i 
posed to flame, . ) 

Bars from which i 
rivets are made, ( 



27 



25 



80 
27 
27 



14 



20% 
20% 



For bending tests the specimens are to be heated to a low cherry 
red, and then cooled in water at 82'' F. 

Stripe of plate 1^ inches wide must bend double in press, — inner 
radius being 1^ times thickness of plate. 

Pieces of rivet bar must bend double in press, — ^inner radius being 
1% times diameter of bar. 

Plates exposed to flame are aUo to be tested by welding and forging, 
some of the welds being broken in the testing machine to ascertain 
degree of perfection. 

Angle, tee, and bar steel is to stand such other forge tests as the 
overseer may direct. 

Samples from each batch of rivets are also to stand the following 
tests :— To be bent double (cold), inner radius of bend being equal to 
diameter of livet ; to be bent double (hot) and hammered till the two 
parts of shank meet; head to be flattened (hot) without cracking 
until its diameter is 2^ times diameter of shank ; and shank to be 
nicked on one side, and bent over to show quality of metal. 

Tubes must stand drifting out at each end, when hot, to 'Xe ii^^h 
larger diameter, and expanding out, when cold, to % inch larger 
diameter, — ^in each case without fracture. 

Board of Trade tests of material. — Strips 2 inches wide should 
be cut from at least one of every four ordinary plates, from each end 
of each plate over 15 feet in length, and from each comer of each plate 
over 20 feet x 6 feet, of over 2^ tons in weight ; where more than 
one test piece is taken from a plate the mean result is to be 
adopted. 

* All reference to iron plates and iron rivets is excluded from this section. 
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Table LXVIIa.~Board of Trade Tensile Tests. 



■Description of materiaL 



Minixnuiii 
ultimate ten- 
sile strenfirth, 

tons per 
square inch. 



Maximum 
ultimate ten 
sile strength, 

tons per 
square inch. 



Elongation on 
lOincbes, 
percent 



Plates not exposed to ] 
flame, . . .J 

Plates that are ex-] 
posed to flame, . J 

Rivet bars, 
Stay bars, 
Rivets, 



27 
26 
26 
27 
27 



30 
30 
32 
32 



/About 25%, 
"[not less than 18%. 



' Not less than " 
, 25%. 
^ About 25%, 
^ not less than 20%. 
Contraction of 
area about 60 %. 



When stay or rivet bars do not exceed 1 inch diameter, 1 in each 20 
may be tested. 

When stay or rivet bars do not exceed 1% inch diameter, 1 in each 
12 may be tested. 

When stay or rivet bars are larger than 1^ inch diameter, 1 in each 
8 may be tested. 

For bending tests the specimens should be 2 inches wide and 10 
inches long, and should be bent double, — the inner radius being 1^ 
times the thickness of the plate ; for plates not exposed to flame, the 
tests should be made on the plate in its ordinary condition, and for 
plates that are exposed to flame, the specimens should be heated to a 
cherry red, and cooled out in water at 80° F. 

Lloyd's tests of materiaL — As far as practicable, one tensile and 
one temper test is to be made of the product of each furnace charge ; 
but when a great nimiber of charges are in question, one tensile and one 
temper test to every ten plates will suffice, — if all prove satisfactory. 

The ultimate tensile strength of all material— plates, bars, and 
rivets — is to be not less than 26 tons per square inch, nor more than 
30 tons per square inch, with an elongation of not less than 20 per 
cent, in 8 inches. 

For bending tests the specimens are to be heated to a low cheny 
red, and quenched in water at 82° F., and then bent to a curve, the 
inner radius of which is not greater than 1% times the thickness of 
the plate or bar. 

The temper test is to be applied to samples taken from every plate 
intended to be used for furnaces or combustion chambers. 

Board of Trade rules for cylindrical shells.— In all calculations 
for strength of shells the minimum strength of plate, as disclosed by 
the tests, must be used. 
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To ascertain the strength of shell, the relative sectional areas of 
plate and rivet most first be determined by the following fonnalse : — 

^ «,.(Piteh-Di.^.fBivet)xlOO, L^^^Cg j-L^r^- 

Pitch 1^ ^^ ^th solid plate. 

For maximum permissible pitch of riyets, kc, see formulft and 
sketches at end of this section. Pages 245 to 1249. 

Rule 2ia. 
(A^ofrivetxyoafn>w.ofri.et,)xlOO.P;'^;J^^^^^ 

Pitch X thickness of plate |^ ^ith solid plate. 

If the rivets are in doable shear, multiply the percentage thus 
found by 1'76. 

In consequence of the low shearing strength of steel rivets the 
Board require that in all types^ of joint the nominal rivet section 
shall be |f of the net plate section ; thus, in order that rivet section 
may be considered to have the same strength as plate section their 
relation must be : — 

In lap joints, — 

(Area of rivet x No. of rows of rivets) x 23- (Pitch - diameter of 
rivet) X thidaiess of plate X a8. 

And in butt joints,^ 

(Area of rivet x No. of rows of rivets x 175) x^S" (Pitch- 
diameter of rivets) X thickness of Plate x a& 

The working pressure per square inch that may be allowed on the 
safety valves is then given by, — 

Rule 2x3.— Working Pressure^ ?^^— 

D X r 

where S» tensile strength of material in lbs. per square ineb ; 

%--the smaller of the two percentages, found by Rules 211 

and 212, divided hj 100 ; 
T«i thickness of plate m inches ; 
D— inside diameter of boiler in inches (inside diameter of outer 

stroke, if any) ; 
F- factor of safety from following Table if % refers to plate 

section ; 
F— 4*6 if % refers to rivet section. 

Various penal additions are provided in the rules for cases in which 
the workmanship is of inferior character. 

If it ia proposed to use steel for su^rheaters particulars should V 
submitted to the Board for consideration. 
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Table LXVIII.— Board of Trade factors of safety. 



When all rivet holes are drilled in i^lace after' 
bendiiig.; a^ seams fitted with double butt-straps, each 
at least five-eighths the thickness of the plates they }-F»»4'5 
cover ; all seams at least double riveted ; and boilers 
open to inspection during construction. 

To be added when circumferential seams are lap and 1 
double riveted. j 

To be added when longitudinal seams are lap and 1 
double riveted. j" 

To be added when longitudinal seams are lap and 1 
treble riveted. J 

To be added when boiler is of such length as to fire \ 
from both ends. / 



Compensating rings should he fitted around all manholes and 
openings, of at least the same effective sectional area as the plate cnt 
out, and in no case should rings be of less thickness than plate to 
which they are attached. Manholes in shells of cylindrical boilers 
should have their shorter axes placed longitudiually. 

It is very desirable that compensating rings round openings iu 
flat surfaces be of L or T iron. 

The neutral parts of shells under steam domes must be e^ciently 
stiffened and stiBiyed. 

Lloyd's rules for cylindrical shells.— 

Rule 2i3a.-Working Pressure (lbs. per sq. in.)^ ^^<T-2)xB 

where D— mean diameter of shell in inches. 

T— thickness of plate in sixteenths of an inch, 

'20— when longitudinal seams have double butt-straps of 
equal width. 
C= - 19 '25 when longitudinal seams have double butt-straps of 
unequaf width. 
U8*5 wheu longitudinal seams are lap joints. 
B— least percentage of strength of longitudinal joint, found as 
follows : — 

For plate at joint, .... B-^^xlOO 

r ■ ■ P 

For rivets at joint, . . . . B - -^^ x 86 

where jp— pitch of rivets in inches ; 

<— thickness of plate in inches ; 

<2— diameter of rivet holes in inches ; 

»-number of rivets used per pitch in longitudinal joint : 

a = sectional area of rivet in square inches. 
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When rivets are in doable shear 1 '75a ia to be used in jilace of a. 

Inside butt-straps are to be at least three quarters the thickness of 
the shell plate. 

For the shells of superheaters or steam-chests enclosed in the 
uptakes, or exposed to the direct action of flame, the values of G 
should be only two-thirds of those given above. 

Proper deductions ore to be made for openings in. shells ; all man- 
holes in sheUs to have compensating rings. 

Shell plates under domes are to l^ adequately stayed. 

Board of Trade rules for flat surfaces.— The hkhest permissible 
pressures on flat surfaces are found by the following formula : — 

C X rT4- 1^^ 
Rule 2x4. Workiiig pressure (lbs. per square inch)- — g_g 

where T— thickness of plate in sixUetUha of an inch; 
S« surface supported in square inches ; 
- 0— constant having values given in following table : — 

Table LXIX.— Board of Trade Constants for Flat Surfaces. 



Description of attachment 
of stay. 



StBLja with nuts and 
doubling strips, the latter 
of width equal to %Td6 
pitch and tmckness equal 
to plates to which they 
are riveted. 

Stays with nuts and 
riveted washers, — latter 
having diameter equal to 
T^rds pitch and thickness 
equal to platefc to which 
they are nveted. 

Stays with nuts and 
washers,-— latter having 
diameter three times that 
of stav and , thickness 
5^Tds that of plate they 
cover. 

Stays fitted with nats 
only. 

Stays screwed into 
plate and fitted with nuts. 

Stays screwed into 
plate and riveted over. 



heat 



Plates not 
ixposed to 
at or ill 



Plates exposed 

to heat or flame 

and in contact 

with steam. 



200 



187*5 



125 



11 2 -6 



Plates exposed 

to heat or flame 

and in contact 

with water. 



76 



67-5 



39-6 



100 
66 
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When plates ai*e stiffened by L or T bars and greater pressure is 
required tne case should be' submitted to the Board for consideration. 

When the circular flat end of a cylindrical shell is in question, S in 
the formula may be taken as the area of the square inscribed in the 
circle through centres of rivets securing end^ — provided angle ring or 
flange is of sufficient thickness. 

Tne following Tables are calculated by means of the Board of Trade 
rulcM for flat surfaces : — 

Table LXX.— Flat Surfaces of Combustioii Chambers (B. of T.). 



Pressnre 
in lbs. per.- 
Bquareinch 


SUys screwed into plates and fitted with nuts. 


^•inch plates. 


^inch plates. 


1-inch pUtes. 




Pitc£ 


Surface. 


Pitch. 


Surface. 


Pitch. 


Suiface. 


150 


7-74 


600 


8-52 


72-6 


9-31 


86-6 


155 


7-63 


58-2 


8-39 


70-5 


9-16 


84-0 


160 


7-52 


56-6 


8-27 


68*5 


9-03 


81-6 


166 


7-42 


55-1 


8-16 


66-6 


8-91 


79-3 


170 


7-82 


53-6 


8-05 


64-8 


8-78 


77-2 


175 


7-23 


52-3 


7-94 


63-1 


8-67 


75-1 


180 


7-14 


510 


7-84 


61-5 


8-56 


78-2 


185 


7-05 


49-8 


7-75 


60-0 


8-45 


71-4 


190 


6-97 


48-6 


7-65 


58-6 


8-84 


69-6 


195 


6-89 


47-5 


7-56 


57-2 


8-25 


68-0 


200 


6-82 


46-5 


7-48 


56-0 


8-15 


66-5 



Table LXXI.—Flat Surfaces of Boiler ends in 
Steam Spaces (B. of T.). 



Pres- 
sure in 
lbs. per 
square 

inch. 


Stays fitted with nuts and riveted washers, latter having diameter 
equal to irds pitch, and thickness equal to plate they cover, 
plates shielded from flame. 


H-inch plate. 


finch plate. 


H-inch plate. 


1-inch plate. 


Pitch. 


Surface. 


Pitch. 


Surface. 


Pitch. 




Pitch. 


Surface. 


150 
156 
160 
165 
170 
175 
180 
185 
190 
195 
200 


15-84 
15-59 
15-35 
15-12 
14-90 
14-69 
14-49 
14-30 
14-12 
13-94 
13-77 


251-0 
243-0 
235-6 
228-7 
222-2 
216-0 
210-2 
204-6 
199-4 
194-4 
189-7 


16-94 
16-67 
16-42 
16-17 
15-94 
15-72 
15-50 
15-30 
15-10 
14-91 
14-72 


287-2 
278-1 
269-6 
261-7 
254-2 
247-1 
240-4 
234-0 
228-0 
222-3 
216-9 


M-06 
17-76 
17-49 
17-23 
16-98 
16-74 
16-61 
16-29 
16 08 
15-88 
15-68 


826-0 
315-6 
306-0 
296-9 
288-2 
280-3 
272-6 
265-4 
258-6 
2521 
246-0 


19-16 
18-86 
18-56 
18-28 
18-02 
17-76 
17-52 
17-29 
17-06 
16-84 
16-64 


367-2 
355-5 
S44-6 
834-4 
824-7 
815-6 
307-0 
298-9 
2911 
283-8 
276-9 1 
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Table LXXIa.~FUit Surfaces of Boiler ends in Steam spaces 
(B.ofT.). 





Stays fitted wltli nato and doabllng strips, tlie latter of wldtli 




equal to }rds pitch, and thickness same as plate to which 
they are riveted; plates shielded from flame. 


Presgure 


in lbs. per 
square inch. 




it-inch plate. 


finch pUte. 


if-incfaphite. 


1-inch plate. { 




Pitch. 


Surface 


Pitch. 


Surface 


Pitch. 
18-68 


Soriaoe 
347-3 


Pitch. 


Surface 


160 


16-36 


267-3 


17-49 


306-0 


19-78 


391-3 


155 


16*09 


268-9 


17-21 


296-3 


18-84 


836-3 


19-46 


378-9 


160 


16-84 


251-0 


16-94 


287-2 


18-05 


326-0 


19-16 


367-2 


1 165 


16-61 


243-6 


16-69 


278-7 


17-78 


316-3 


18-88 


356-3 


170 


16-38 


236-6 


16-46 


270-7 


17-53 


307-2 


18-60 


346 


175 


16-16 


230-0 


16-22 


263-1 


17-28 


298-6 


18-84 


336-3 


i 180 


14-96 


223-8 


16-00 


256-0 


17-04 


290-4 


18-09 


327 1 


185 


14-76 


217-9 


16-79 


249-2 


16-81 


282-7 


17-84 


318-4 


190 


14-67 


212-3 


16-68 


242-8 


16-59 


276-4 


17-64 


810-2 


195 


14-38 


207-0 


15-38 


236-7 


16-38 


268-5 


17-39 


302-4 


200 


14-21 


202-0 


15-19 


231-0 


16-18 


262-0 17-17 


295-0 



Table LXXII.— Lloyd's Constants for Flat Surfaces. 



Description of attachment of stay. 



Value of C. 



Screw stays with riveted heads, — 
Plates ^l«-inch thick and under. 
Plates oyer 'Xs'i^ch thick, .... 

Screw stays fitted with nuts, — 

Plates Vis -iiich thick and under, 

Plates over 'Xs'inc^ *Dd under »/i,-inch, . 

Plates »X«-inch and over, 

Stays fitted with double nuts, 

Stays fitted with double nuts and with washers of 
diameter equal to ^rd the pitch, and of thickness 
equal to half the plate they cover, 

Stays fitted with douole nuts and with riveted washers 
of diameter equal to '/^ths pitch, and of thickness 
equal to half the plate they cover. 

Stays fitted with doiible nuts and with riveted washers 
of diameter equal to %rds pitch, and of thickness 
equal to plate they cover, 

Stays with double nuts and doubling strips, — latter 
haying breadth equal to ^^rds distance between 
rows of stays, and thickness equal to plate to 
which they are riveted, 

Stays with double nuts and doubling strips,— latter 
having breadth equal to %rds pitch of stays, 
and tioickness equal to plate to which they are 
riveted, 



90 
100 

110 
120 
135 
175 



186 
200 
220 

220 

240 
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Lloyd's rules for flat surfaces. — The strength of flat plates 
supported by stays is given by the following formula : — 

Rule 2Z4a. 






Working^ pressure (lbs. per square inch)» 

where T» thickness of plate in sixteenths of an inch ; 
Pa greatest pitch in inches ; 
G— constant having values given in preceding Table, 

In the case of front plates of boilers in the steam space the values 
of C must L)e reduced 20 per cent, if the plates are not shielded from 
the direct action of heat 

For tube plates in the nest of tubes, C must be taken as 140, and P 
as the mean pitch of stay tubes. 

For the wide spaces between nests of tubes, P is to be taken as the 
horizontal distance from centre to centre of the bounding rows of tubes 
and C, as follows : — 





When tubes 


When tubes 


Pitch of Stay Tubes in bounding rows. 


have no 
nuts outside 


are fitted 
with nuts 




plates. 


outside pUtes. 


Where there are two plain tubes be- 
tween each stay tube, . 






120 


130 


Where there is one plain tube be- 
tween each stay tube, . 






140 


150 


Where every tube in these rows is a 






stay tube, and each alternate one 






has a nut, 




170 
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Board of Trade rule regardinsf compressive stresses on 

taSt plates.— 
Rule 2x5. 

Working pressure (lbs. per square inch)= <^"^'^^^^'^ 

where D « least horizontal distance between centres of tubes, in 
inches ; 
d « inside diameter of ordinary tube, in inches ; 
T — thickness of tube plate, in inches ; 
W =» outside width of combustion chamber, in inches, — from 
tube plate to back of box, or from tube plate to tube 

Elate in double-ended boilers, with conunon com- 
ustion chambers. 

Lloyd's rule regarding compressive stresses on tube-plates. — 
Rule 215a. ^" i600x(D-rfy 

where P=» working pressure in lbs. per square inch ; 

W— width of combustion chamber oVer plates, — in inches ; 
D=« horizontal pitch of tubes in inches ; 
6?— inside diameter of plain tube in inches ; 
T— thickness of tube-plate in sixteeiUhs of an inch. 

Board of Trade rule for girders supporting combustion chamber 
tops, &c. — 

Rule 2x6. 
Working pressure (lbs. per square inch)-^-^^^^^|^, 

where W— width of combustion chamber, — in inches ; 
P=«pitchof supporting bolts „ 

D» distance from centre to centre of girders,— an inches ; 
L» length of ^rder in feet ; 
d- depth of girder,— in inches ; 
T = thickness of girder , , 

r 550 when girder has one supporting bolt, 
825 „ „ two or tnree „ 
I935 „ „ four „ 



T=tni 



Lloyd's rule for girders supporting combustion chamber tops, 
&c. — 

Rule 2x6a. 
Woiking pressure (lbs. per square inch)- -f5^^4^» 
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where L — width between tabe-plates or tabe-plate\ 
and back plate df chamber ; I 

D — distance from centre to centre of girder ; r -^^ "^ mcnes. 

d * depth of girder at centre ; I 

T — thickness of girder at centre ; ' 

f 6,600 when each girder has one stay, 
\ 9,900 „ „ two or three stays, 

C— sll,000 „ ,, fonrorfiye „ 

111,550 ,, „ six or seven ,, 

V 11,880 „ ,, eight or more ,, 

Admiralty requirements as regards stays. —At the test pressure 
steel stays nnder 1^ inch diameter may carry a load of 16,000 lbs. 
per square inch of net section, and those of 1^ inch diameter and 
upwa^s, 18,000 lbs. Rivets or bolts used for securing stays must be 
at least 25 per cent, stronger than the stays. 

Board of Trade rules relating to stays.— Steel stays that have 
been welded, or worked in the fire, must not be used. 

Rule 2x7. — Solid steel stays may be allowed a working stress of 
9000 lbs. per square inch of net section. 

Dished ends, unless of thickness required for a flat end, must be 
stayed ; but where they are theoretically equal to the pressure needed, 
when considered as portions of spheres, the stays may carry a 
working load of 14,000 lbs. per square inch of net section. If they 
are not theoreticaUy equal to the pressure needed they must be 
stayed as flat surfaces. 

The areas of diagonal stays are found as follows :-— Find the area 
of direct stay necessarv; multiply it by the length of the diagonal 
stay ; and divide product by length of perpendicular from end of 
diagonal stay to surface supported ; quotient will be area of diagonal 
stay. 

When gusset stays are used their area should be in excess of that 
found in above way. 

Lloyd's rules relating to sta3rs.— Ko steel stays are to be 
welded. 

Rule 2Z7a. 

Stays not exceeding 1^ inch smallest diameter may carry 

8000 lbs. per square inch net section. 
- Stays above 1^ inch smallest diameter may carry 9000 lbs. 

per square inch net section. 
Stay tubes may carry 7500 lbs. per square inch of net section. 
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Larger sizes of stays may all sapport the same surfaces as by 
Board of Trade role, —shown in Table LXXIV. above. 

Board of Trade rules relating^ to fumaces. — Cylindrical furnaces 
with longitudinal joints welded, or made with a butt-strap double 
riveted, or with double butt-straps single riveted,— when rivet holes 
are drilled in place after bending, and slightly countersunk from the 
outside, — may carry the working pressure given by,— 

Rule lx& 

Working pressure (lbs. per sq. mO-!?-^?!.^^^^]"^' of plate in ins. )» 
* '^ % f 1 / (Length in f t. + 1) x duu in ins. 

provided always that the pressure so found does not exceed that 
given by the following formula, — which limits the crushing stress per 
square inch of materi^ to 4400 lbs. : — 

Rule 2z8a. 

S800 X thickness in inches 



Working^ pressure (lbs. per sq. in.)-- 



diameter in inches 



When the furnace is made with rings the length is to be measured 
between the rings. 

When the fumaces are corrugated and machine made, — as made by 
the Leeds Forge C!o., or ribbed and grooved, as made by Messrs J. 
Brown k Co., Sheffield, — if they are practically circular in section, if 
the lengths of plain parts at ends ao not exceed 6 inches, and if 
the plates are not less that */4e ii^oh thick, — the working pressui^ may 
be that given by^ — 

Rule 2z8h. 
Workiiigpressure (lbs. per sq. in.),H>000 x thickness iu inches^ 

corrugated furnace, — outside diameter, in inches at 
where D - -! l^ttom of corrugations ; 

^ '"- ribbed and grooved furnace,— outside diameter in 
inches over plain portions. 



{for CO 
foriS 
in 



In corrugated furnaces, — 

Pitch of corrugations should not exceed 6 inches. 

Depth , , (from top outside to bottom inside) should 

not be less than 2 inches. 
Plates at ends not to be unduly thinned in flanging. 
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' In ribbed and grooved furnaces, -^ 

Pitch of ribs ahould not exceed 9 inches. 

Ribs should project at least I'l^e inches above plain parts. 

Grooves should not exceed % inch in depth. 

Ends should be rolled slightly thicker than plain parts and not 

reduced at any part, by flanging, below thickness of pUin 

parts. 

Llovd's Rules relating^ to furnaces. —The pressures that may be 
carried by plain cylindrical furnaces are given by the following 
formula : — 

Rule 2z8c. 

Working pressure (lbs. per square inch) - ^^'^'x'^" * 

where T— thickness of plate in inches ; 

D» outside diameter of furnace in inches ; 

L — length of furnace in feet. If strengthening rings are fitted, 
the length between the rings is to be tmcen. 
The pressure, however, must not exceed that given by, — 

C X T 
Rule 2x8d. »lbs. per square inch ; 

_!,__.- p / 8000 for plates ^g inch thick and under, 
wnere u - ^ gg^^ ^^^ ^^^^ ^^^^ y^^ .^^j^ ^^^^^ 

The working pressure that may be carried by furnaces fitted witli 
Adamson rings is given by, — 

Rule 2z8ei 

Working pressure (lbs. per square inch)^^-^^ ; 

^\^^t^ n i 10>400 for one Adamson ring (at about mid-lengtb). 
wnere o - -j^ ^^^^^q ^^^ two Adamson rings. 

The working pressures that may be canied by vaiious special types 
of furnace are as follows : — 

Rule 2z8f. 

Working pressure (lbs. per square inch) - — U^-IL?^ ; 

where T— thickness of plate in sixteenths of an inch ; 

( outside diameter of corrugated furnace in inches : 
D-4 „ ribbea 

I. „ plain parts of Holmes' patent fonuce ; 
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C » 1000 for steel coiTugated fumaces when tenaile strength of 

material is under 26 tons, and corrugations are 6 inches 

pitch and 1% inches deep ; 
C— 1259 for steel fumaces corrugated on Fox's or Morison's 

plans, when tensile strength of material is between 26 and 

30 tons; 
C— 1160 for ribbed furnaces (ribs 9 inches apart) ; 
C— 912 for spirally corrugated fumaces ; 
C— 945 for Holmes' patent furnaces, when corruptions are not 

more than 16 inches pitch, nor less than 2 inches high. 

Bosrd of Trade rules relatins^ to steel boilers g^enerslly. ~ 

Hjrdraiilic tests. — ^New boilers should be tested by hydraulic pres- 
sure, to twice the working pressure, in the presence and to the satis- 
faction of the Board's Sunreyors. In the case of old boilers in a vessel, 
the hydraulic test should never exceed twice the calculated working 
pressure of the boiler, but must always exceed the working pressure. 

Evaporators, g^enerators, feed make-ups, ftc, where the 
evaporation of water under pressure is an essential feature, should 
be regarded as steam boilers, whether the evaporation is effected by 
heat from coal gas, from steam, or from any other source, and the 
strength, qualify of material, and method of construction of such 
apparatus, should be in accordance with the regulations for steam 
boilers, and they should be examined by the Surveyor on each occasion 
the vessel is surveyed for passenger certificate in the same manner as 
other boilers on board the vessel. 

The mountings, &c., should as a general rale be similar to those 
required in the case of boilers on board passenger vessels, but the 
question of safety valves will in each case be considered by the Board, 
and full particulars to enable this to be done should be submitted by 
the Surveyor as early as possible. 

The particulars of evaporators, their safety valves, &c., should be 
recorded on the declaration in the same manner as is now done in the 
case of other auxiliary boilers. 

Local heating^ of plates should be avoided. 

Annealing.— All plates that are punched. Hanged, or locally heated 
must be carefully annealed afterwards. 

Welding. — Steel plates that have been welded should not be passed 
to carry a tensile stress ; in other cases they should be efSciently 
annealed after welding. 

Makers of steeL — When the steel is not to be made by any of the 
following makers the case will receive the special consideration of the 
Board, and this should be speoially noted by the Surveyors. 
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Messrs W/ Beardmore k Co. 
J. Brown & Co. 

C. Cammel k Co. 

D. Colville & Sons. 
The Consett Iron Co., Ltd. 
The Glasgow Iron and Steel Co., Ltd. 
The Landore Steel Co. 
The Leeds Forge Co. 
The Moor Steel and Iron Co., Ltd. 
Palmer's Shipbuilding and Iron Co., Ltd. 
The Steel Co. of Scotland. 
The Weardale Iron and Coal Co. 
The West Cumberland Iron and Steel Co. 
The Lanarkshire Steel Co., Ltd. 
Nettlefolds. 

John Spencer & Sons, Ltd. 
Wright, Butler, & Co. 



For plates and 

angles, stay 

and rivet 

bars. 



For stay and 
rivet bars. 



Boiler tracing^s, &c. — Difficulty has been experienced with regard 
to the survey of steel boilers owing to the fact that some makers were 
not aware, at the time the boilers were commenced, that a Board of 
Trade certificate would be necessary, arid the makers have therefore 
omitted to submit tracings until the boilers have been nearly completed. 
Tracings of boilers may therefore be received for examination upon 
payment of the usual fee of £2, and the Surveyors may proceed as far 
as witnessing the hydraulic test before any further instalment of tlie 
survey fee is paid. Engineers and boiler makers should be advised of 
this arrangement. 

Donkey Boilers that are in any way attached to, or connected 
with, the main boilers, or with the machinery used for propelling tbe 
vessel, should be surveyed and be fitted the same way as the main 
boilers, and have a water and steam gauge, and all other fittings com- 
plete, and, as regards safety valves, should comply with the same 
regulations as the main boilers. 

Launch' Boilers.— The boilers of steam launches forming part of 
the statutory boat capacity of passenger steamers should as regards 
construction, strength, material, safety valves, and other fitti]]|,'s 
comply with the same regulations as the main boilers. 

Lloyd's Rules relating^ to steel boilers g^enetally.— 

Hydraulic test — Boilera to be tested by hydraulic pressure, in the 
presence of an Engineer-Surveyor, to twice the working, pressure, and 
carefully gauged while under test. 

Rmt holes, &c->All the holes in steel boilers should be drilled, 
but if they are punched the plates must be annealed afterwaids^ 
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- Annfallng. — ^All pistes thst sre dished or flanged, or in anv way 
heated in the fire' for working, — except those that are subjectea to a 
compressiye stress only, — are to be annealed after the operations are 
completed. 

BOARD OF TRADE RIV£T£D JOINTS. 

The following sketches of riveted joints, and fortnulse for determin- 
ing their various proportions, are given in an appendix to the Board of 
Tnde Rules ; the formuls are here given in a form differing slightly 
from that adopted in the Rules : — 

F in the following formuls stands for the factor of safety (for which 
see Table LXVIII., page 232), and r for percentage of plate left 
between rivet holes. 

ORDINARY CHAIN AND ZIGZAG RIVETED JOINTS. 
Peroenta^ of pUte \ _ 100 (pitch - diameter of rivet) ^ 
left bet^en holes/'" pitch " 

Nominal per-^ 18-254 Lap' } ^ ^^^ ^^ ^^^^ ^ ^^' °^ ^^^^ ^ ^ 
riSSf^ti^V pitch xthioknem. of plate 

To find pitch so that nominal rivet section and net plate section may 
be of equal strength : — 

Pitch - ^i^^ ^°- "^"'^'iiil+diameter of rivet 
|;i78Up}*i*ae«ofpUto 

To find pitch and diameter of rivet : — 

«.Q?$ ??i* 1 X ^ X thickness of plate 

Diaiiictefofrivet- \y,^,^P f ^ . , V, . 

(100 - r) X No. rows of nvets x F 

Pit,,,. 697-5 g} =<»-xthickne«iof pkte 

" (100 - r)2 X No. rows of rivets x F ' 

Also, when diameter of rivet is found first : — 

Pitch -= 100 X diameter of rivet 
"" 100-r 

When double butt-straps are used each strap must have a thickness 
of %ibB of the plate it covers. 

A single butt strap must have a thickness equal to 1 ^ x thickness 
of plate it covers. 
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Distance from centre of rivet to edge of pUte (£ in Figs.)- 
1% X diameter of rivet. 

Distance between rows of rivets :— 

{a) Chain riveted joints (Figs. 2, 4, 9, 11),— 

V-not less than 2xdia. of rivet, preferably (^ dia. ri vetH- 1 

(b) Zigzag riveted joints (Figs. 3, 5, 10, 12),— 



Y \/(ll pitch + 4 dia. rivet) (pitch + 4 dia. rivet) 
10 ' 

Diagonal pitch (Figs. 3, 5, 10, 12),— 

6 pitch + 4 dia. rivet 
^"^'^ 10 

RIVETED JOINTS WITH ALTERNATE RIVETS IN OUTER, 
OR OUTER AND INNER, ROWS LEFT OUT. 

Percentage of plate left between holes *M(PMzgii^£ll!l*)- 

Nominal per- ") ig -254 1^* | ^ *'®* ^^ "^®* ^ ^^' ®^ '^^^ ^ ^. 

Sfertio^nj pitch X thickness of plate 

Percentage of combined plate and rivet section » 

100 (pitch - 2 dia. rivet) Percentage of rivet section 
pitch No. of rows of rivets 



Double butt-straps for this type of joint must each be of thickness 
given by, — 

Thickness of butt-gtrap- ^^^^^^^' of plate x (pitch -dia. of rivet) 
*^ 8 X (pitch - 2 dia, of rivet) 

Distance from centre of rivet to edge of plate (£ in Figs)'^ 
1% X diameter of rivet. 

Distance between rows of rivets :— 
(a) Chain riveted joints (Fig. 15),— 



Y_ \/(ll pitch + 4 dia. rivet) (pitch + 4 dia. rivet) ' 



10 

or V=- not less than 2xdia. of rivet, and preferably 
(4 X dia. rivet) + 1 
2 



The greater 

of these 

' two values 

to be used. 
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{b) For joiiit K (Fig. 15),- 

„ « J. * . X • • u 4. XV 1 (4xdia. of rivet) + l 
Vj— 2 X diA. of nvet as a minimum, but the value ^ — 

is preferable, 
(c) ZigztLg rtreted joints (Fig. 19),— 

V - V(H pitch + dia. rivet) (^ pitch + dia. riveF). 

Diag^onal pitches :— 

(a) Diagonal pitch (Figs. 17, 18, 19, 20),— 

P^^^ pitch + dia. of rivet. 

(6) ForjoliitJ(Fig. 19),- 

p 8 pi tch + 4 dia. rivet 

Distance between inner rows of rivets (Fig. 19),— 

y _ V(ll pitch 4- 8 dia. rivet) (pitch + 8 dia. rivet) 



Maximum Pitches for Riveted Joints. 

Whea the work is of first-class quality, the pitches may, so far as 
safety is concerned, be those given by the following formula, but it is 
not always advisable to go quite up to these limits. The pitch must 
aever exceed 10 inches, even with the thickest plates. 

Maximum pitch = (C x thickness of plate) + 1% 

where C is a constint having the values given in the following 
Table :— 



Karober of rivets in 
one pitch. 


Valnes of C for 
lap joints. 


Values of G for double 
butt-itrap Joints. 


1 4 
5 


1-31 
2-62 
3-47 

4-14 


176 
3-50 
4-63 
5-52 
6-00 
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SUPERVISION OF BOILER WORK. 

The following instructions to boiler-maker overseers are those 
usually given in Admiralty specifications : — 

The boilers will be subject to the supervision of an overseer, who 
will be directed to attend on the premises of the contractors during 
the progress of the work on the boilers, to examine the material aod 
worlonanship used in their construction, to witness the prescribed 
tests, and to see that this specification, as regards the boilers aod 
work in connection, is conformed to in all respects by the contractors. 
The extent of supervision is described in the following paragraphs 
extracted from Admiralty instructions to overseers, ana the con- 
tractors are to afford him every facility for their proper execution. 

The plates and other material used in the construction of the boilers 
to be subjected to such tests as may be directed in the specification. 
Every plate used is to be carefully examined by the overseer for 
laminations, blisters, veins, and other defects, and to ensure that it is 
of the proper thickness and brand. No plate, angle, &c., which from 
any cause is considered by the overseer to be unfit for the intended use 
is to be fitted. 

During the construction of the various parts of the boilers, the 
overseer is to satisfy himself that the dimensions as shown on the 
approved drawings are being adhered to by the contractors. 

Whenever plates are flanged or welded, or in any case where iron or 
steel is worked in such manner that it is particularly liable to suffer 
in strength unless carefully handled, the overseer is to be present if 
possible on all occasions during the time the work on each article is in 
progress, and he is to fully satisfy himself that it is sound before he 
allows any part to be put in the boilers. 

Samples of the rivets being used for the boilers are to be taken by 
the overseer during the progress of the work and tested as s|)ecified 
hereafter, and any batches of rivets found defective are to be rejected. 
Before rivets are put in, the overseer is to see that the plates are 
brought properly together, and that the holes are fair with one 
another. He is not to allow drifting on any account, but he is to see 
that they are carefully rimed fair where necessary. He is also to 
make sure during the progress of the work that the rivets fill the 
holes completely, and that the heads are properly set up, well formed, 
and finished. 

The overseer is to see that all internal parts of the boiler are riveted 
with rivets having heads and points of approved shape, and that any 
seams he considers necessary are riveted on the fire side. No snap 
heads are to be allowed in the internal parts. Any pronoa&l for 
hydraulic riveting the internal parts is to be submitted to the 
Admiralty, with sketch of the proposed heads and points. In all 
parts where the rivets are not closed by hydraulic riveting machinery 
he is to see that the rivet holes are countersunk and that coned rivets 
Are used. All holes in the plates, angles, &c., are to be drilled, and 
not punched, and are to be drilled in place after bending. The 
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cleannce between rivet hole and rivet before closing is not to be 
greater than approved bv the overseer. 

The overseer will see that the particulars of the form, dimensionsj and 
pitch of the various stays shown on the drawines are adhered to, and 
samples of them are to be tested as directed in this specification ; and he 
will be goided by his experience as a workman in testing and judging 
of the soondness of the forging and constmction of the various stays. 

He 18 to see that palm stays if fitted are forced from the solid and 
not welded, that all short stavs are nutted on all flat surfaces except 
where otherwise approved ana screwed to a pitch of twelve threads per 
inch for stays of 1 inch diameter and above, that the holes for the 
screwed stays in the water spaces are drilled and tapped toffether after 
the furnaces and combustion chambers have been riveted in place in 
the boiler, that the combustion chamber stays are drilled square to 
the bevel of the combustion chamber nlates, and that no bevel washers 
are inside the chamber. Any giraer steys used for combustion 
chambers are to be well bedded on to the tube plates to the satis- 
faction of the overseer. 

The overseer is to see that the arrangement of the zinc plates shown 
on the approved drawings is adhered to, that the metallic surfaces in 



contact are filed bright, and that means are adopted to secure a firm 
crrip of the clips by which the plates are attached. 
The overseer is to witness the testing, in all cases, of the boiler tubes, 



in accordance with this specification, oefore they are put in the boiler. 

When the boilers are reported to the overseer by tne contractors as 
being completed, ready for testing by water pressure, the overseer is to 
witness a preliminary test of them in accordance with the specification, 
carefdlly observing with the assistance of gauses and straight edges 
whether any bulging or deflection of the plates has taken place. 

The official test will be conducted on aU occasions in the presence of 
an inspecting officer. A test pressure gauge is supplied to the overseer 
from the Admiralty, and the official test is to be made with this gauge. 

After the boilers have been tested by water pressure the overseer is 
to see that they are properly cleaned inside and outside, and then well 
painted with red lead. It is important that the whole surface of the 
boilers should be thoroughly cleansed of scale formed in manufacture 
before any paint is put on them. The boilers are not to be exnosed to 
the weather till they are so painted, and properly cleaned ana closed 
up to his satisfaction. 

The overseer is to make himself fully acquainted with the progress of 
the whole of the work in its various stages, to satisfy himself that every 
part is sound before it is allowed to to put in the boilers, and to see 
that the following instructions for the treatment of mild steel are 
strictly complied with. 

Treatment of mild steel.— All plates or bars which can be bent 
cold are to be so treated ; and if the whole length cannot be bent cold, 
heating is to be had recourse to. over as little length as possible. 

The front and end plates of the boilers are to be flanged by 
hydraulic pressure. 
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In oases where plates or bars have to be heated, the greatest care 
should be taken to prevent any work being done upoii .the. material 
after it has fallen to the dangerous limit of temperature known as a 
** blue heat "—say from 600** to 400° Fahrenheit Should this limit be 
reached during working, the plates or bars should be reheated. 

Where plates or bars have been heated throuighout for. bending, 
flanging, &c., and the work has been completed at o^e heat, or where 
simple forge work has been done, suchas the formation of joggles, comers, 
and easy curves or bends, on portions of plates or bars, and. the material 
has not been much distressed, subsequent annealing is unnecessary. 

Plates or bars which have had a large amount of work put upon 
them while hot, and have had to be reheated, should be subsequently 
annealed. It is preferred that this annealing should be done simul- 
taneously over the whole of each plate or bar when this can be done 
conveniently. If it is inconvenient to perform the operation of 
annealing at one time ifor the whole of a plate or . bar,, portions 
may be annealed separately, proper care being taken to prevent an 
abrupt termination of the line of heat. If the severe workiqg has been 
limited to a comparatively small part of a plate or bar, annealing may 
be limited to the parts which have been heated, the same care being 
taken to prevent an abrupt termination of the line of heat 

In cases where any bar or plate shows signs of failure or fracture in 
working it is to be rejected. Any. doubtful cases are to be referred to 
the Admiralty. 

BOILER MOUNTINGS. 

Stop-valves. — ^The diameter of the boiler stop-valves is generally 
fixed from the previously determined size of main steam pipe at 
engines. When the branch pipes from two or more separate but 
similar boilers join together into one main steam pipe, of diameter D, 
the size of each branch pipe may be that given by,' — 

Rule 2Z9.~DiAmeter of Branch pipe to each boiler wD yy/^ 

where n is the number of boilers or of branches. 

For the boilers of merchant steamers where the rate of combustion 
is from 16 to 20 lbs. of coal per foot of grate per hour, the ajrea of the 
stop-valve, or of the branch steam pipe, may be, — 

Rule 22o.~Area of stop-valve (sq. ins. ) =» • 

( Grate area Heating surface X / ' 100 ' 
4 100 / \/ Working pressur^ 
A more generally convenient form of,rule,^since it takes into con- 
sideration the rate of combustion, or the extent. \^ which .the boiler is 
forced, — iB,-r- 
. Rule22Z. - .'. 

. Area of stop-valve (sq. ins.)-LI^ x J ^.[c}^ — 

19 '\/ Trorking pressure. 
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This rnle gives about, — 

1 aq. in. etDinralye area for each 10*4 1.H.P. at 80 lbs. working pressure. 

1 „ „ „ 147 „ 60 lbs. 

1 „ „ „ 180 „ 90 lbs. „ 

1 ., „ „ 190 ,. 100 lbs. 

1 „ „ ,, 23-4 „ 160 lbs. 

1 „ M „ 257 „ 180 lbs. 

Where, as id Naval ships, the |K>wer taken out of any boiler may be 

temporarily increased, say 20 to 30 per cent, above natural draught 

full power, during an emergency, the designer must use his judgment 

as to what increase in area of stop- valve is advisable ; using the above 

formula (Rnle 221), and supposing I.H.P. to represent the mean 

power to be developed on forced draught trial, present practice would 

be fairly represented by, — 

Rule 22za. 



Arcaofstop-vmlve(sq. ins.)-""'^- ' ^^^ 



Working pressure. 

When the pipes are below 6 inches in diameter, the proportionally 
^eater friction in the smaller pipes should be allowed for oy progres- 
sively diminishing the denominator of the I.H.P. fraction in the 
formula as the diameters of the pipes decrease. 

The more important points connected with the design and construc- 
tion of stop-valves have already been dealt with (pages 206 and 207), 
and it is only necessary to aad here that boiler stop- valves should 
have turned spigots fitting accurately into the holes in the boiler 
plates,— ^ which should be carefully cut out by means of a bar and 
cutter, alid not by hammer and chisel, — and that the flanges and 
necks should be extra strong and well ribbed, and the bolts or studs 
(bolts with heads inside the boiler are best) by which they are 
attached to the boiler, larger and more numerous than in pipe flanges 
of similar size : a ^-inch bolt should be the smallest size used for 
attaching boiler mountings, — even for the smallest valve or cock. 

In Naval work the boiler stop- valves are generally made entirely of 
gun-metal, and are of the non-return type : non-return valves are also 
placed at the various bulkheads, in order to localize as far as possible 
the effects of iiy ury to boilers or pipes by shot, &c. 

Internal steam pipes. — Where the steam room in a boiler is small 
relatively to the I.H.P. taken from the boiler, internal pipes with 
closed ends, and provided with sufficient narrow transverse slits, (saw- 
cuts) or small holes, to give a. clear area equal to twice that of the pipe 
section, should be fitted. They are best made of sheet brass, — not 
copper. The number and arrangement of the pipes must be deter- 
mined in accordance with the conditions of the case, but the Admiralty 
usually specify two pipes running the full length of the boiler ; so 
that, with the stop-valve at one end, there are two pipes leading to it, 
each of about half the sectional area of the valve or of the oranch 
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steam pipe from the boiler, and with the stoj^-valve on the shell at 
mid-length there are four shorter pipes converging to it. 

The steam is then gently collected from a large area, and strong 
currents, which might induce priming, are avoided. 

Safety-valves.— The size of safety-valve should be such that it is 
capable of discharging all the steam that can be generated in the 
boiler, without allowing the pressure to rise more than 10 per cent 
above that to which the valve is nominally loaded; it therefore 
depends mainly on area of grate, rate of combustion, and working 
pressure. A convenient and easily applied rule is, — 

Rule 222. ~ Area in square inches of each of two valves -= 

( Grate area Heating surface \ / 100 

20 200 / -V Working pressure. 

Wherever possible, the valves should be placed with the spindles 
vertical, as the action of the valve (which is very sensitive to, and 
easily affected b^ any increase in the friction of its various parts) in 
then more certain. For the same reason all the parte should be a 
very easy fit, and the rubbing surfaces of the spindle should be draw- 
filed and polished with emery cloth in the same direction. 

The whole of the parte must be cleaned from time te time, when in 
use, and the greatest care must be teken to avoid making any dints 
or burrs on the working surfaces. 

The spring should be so proportioned that ite initial compression is 
not less than half the diameter of the valve ; this result can be ob- 
tained with various proportions of spring, and when height is limited a. 
shorter spring of larger oiameter ana larger section of steel may be used. 

In Naval practice, the valves, valve-boxes, &c. are usually made 
entirely of gun-metel, and the valve is generally made as a separate 
{)iece (not cast with the spindle), while the easing gear is fitted U) 
lift the valve from below. This construction has the advantage 
of preventing any bendinjg or springing of the spindle, that may arise 
from the ends of the spring not being quite true and square by its 
axis, from affecting the tightness of tne valve on ite seat ; and also 
permite examination of the valves to be made without disconnecting 
and teking down easing gear shafte, &c. 

The valve faces should always be flat, not angled to 46 or 60 degrees. 

When the design of the valve permits, it is a great convenience to 
those who will afterwards have charge of the machinery, to have a 
thread cut on the upper end of the spindle, so that, before taking 
the valve to pieces for examination or re-^rinding, a nut may be put 
on to prevent the release or expansion of the spring when the joint at 
the base of the spring tower is broken ; sprmg, tower, spindle and 
valve can then be readily and quickly removed in one piece. 

When loose valve seate are used (as with cast-iron cheste) they 
should be securely fixed in place by a flange, or lugs, and studs or screws. 

The type of valve recommended by the Board of Trade is that 
shown in Tig. 64. 



BPRIKO aAFBTT VALVBS. 



255 




SPRING SAFETY VALVES. 




rio. 64. 
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The valves, seats, spindles, compressiDg screws and nuts, spnug 
washers, spindle bashes and cotters, studs and nuts for valve seats, 
and bushes for bearings of easing gear shafts, should be of good 
quality, brass or gun-metal. 

The valve is shown both with and without lip, but valves without 
lip are recommended as being less violent in action. 

The point of the compressing screw should be well rounded and 
should enter from | to { inch into the spring washer. 

Spiral springs. — The size of steel required by the Board of Trade 
is given by, — 



R">««3. d-^^ 



where d=» diameter or side of square of steel in inches. 

D» diameter of coil (centre to centre of wire) in inches. 
S—load on spring in pounds., 
p 5 8000 for round^ steel. 
^^ \ 11000 ,, square „ 
In Naval work the values adopted for C are commonly 11,000 and 
15,000 for round and square steel respectively. 
Mr Traill, in his work on ''Steam Boilers," recommends that 

d should always equal -- : when this proportion of spring is adopted 

5 
the above rule becomes, — 



^ 



1600"° y^^ round steel. 



and 1600^2- S; 

/T_ d 

V 2200" 
2200rf2-S* 



>for square steel. 



The relation between load on, and compression of, spiral springs 
is given by, — 

D' X S X N 
Rule 224. Compression in inches » -^^ 

where N « n umber of coils ; 

(2 i- diameter or side of square of wire in sixteenths of an 
inch; 
\ 26 for round steel, 
{ 32 for square steel ; 
and the other symbols have the same meanings as above. 

In order to obtain correct results with the above formula, great 
care must be taken to count free coils only ; coils at the ends of the 
spring, which touch one another, must not be counted. 
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Table LXXY. is obtained by the aid of the above fonnnls. 
Table LXZV.—Safety Valve Spri]is:8 bj Board of Trade Rules. 



IncbM. 


WorUns 
lowtalnlbi. 


inchM. 


WorUng 

lOMblDlbl. 


Dfaunrtvor 

■ideot 

■qnanot 

BteeL 


Mean 

diameter 

otecdL 




II 


Diameter or 

tide of 

■qaareof 

•teeL 


Mean 

diametei^ 

of coil. 


13 


U 


% 


1% 


100 


187 


"/s. 


S'Vs. 


976 


1842 


•y4. 


!:ii- 
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"/!• 


4M« 
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1452 


Vi. 
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r^- 
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1566 


"/S. 


i"/4. 
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260 


% 
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% 


1» 
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4"/,. 
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1806 
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2'^, 


264 


868 
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1406 
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'/i. 


2y.. 


806 


421 
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1501 


2064 


•%. 


2"/4. 


851 


488 


1 


6 


1600 


2200 


% 


2H 


400 


550 


1%2 


6%. 


1701 


2889 


'%. 


2"/,. 


451 


620 


IVl. 


6'/i. 


1806 


2488 


•X. 


2»M. 
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696 


1%, 


B"/i. 
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2681 


'%. 


2"/4. 
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^% 


6% 


2025 
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% 


8% 
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IVaa 


6"/i. 
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2941 


•54. 


8%, 
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947 
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B"/i. 
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"/.. 


8'X. 
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1039 


iVaa 
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2876 


3267 


•%, 


8»%, 


826 


1186 


1% 


6J4 


2500 


8487 


% 


8% 


900 


1287 






... 
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Mr Traill, in his above-mentioned work, fixes the values of a at 22 
and 30 from experiments he has made, whilst Rankine gave 20 to 
23 for round and 28*6 to 32*9 for square steel, and Mr Hartnell's 
experiments (ouoted by Unwin) place the values for round steel at 21 
to 24 '8, —the higher figure for 34 inch wire, and the lower for % inch. 

The superior transverse elasticity of the round sections, and especially 
of small round sections, cornered with square ones, ia probaoly due 
to the fact that the round wires are often drawn, whilst the square 
ones are only rolled; also the square section of steel is probably 
more affected by the coiling process than the round one. 

For fioard of Trade and Lloyd's rules relatlug to safety valves, see 
end of this section. 

Feed check valves.— The sizes of feed pipes should be determined 
in accordance with the rules laid down in the section on ''Feed 
pumps" (pp. 189-144), and the internal diameter of the valve seat of 
check valve should be at least % inch more tban the diameter of pipe 
80 found. Feed check valves should be very stronely made, and 
entirely of the best gun-metal ; the necks by which they are 
attached to the boilers should be specially strong, and well ribbed to 

17 
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the flanges. The spigots should be turned, and the holes in the 
boiler ]^ates <}arefiilly bored to suit. The working faces of the 
valves, should be flat, and proportioned in accordance with Rule 155 
(page 141). The spindles snould be very stout, and provided with 
square threaded screws ; if space allows the nuts to be placed in 
external crossheads or bridges, they are better so arranged. 

The Admiralty require that the main feed check valve shall always 
be placed, at the right hand, as one faces the boiler and the auxiliary 
valvb at the left hand. 

IntemiU feed pipes. — ^The feed water should be led by an internal 
pipe (of brass) jjlaced two or three inches below the water level, to a 

Sart of the boiler where there is a descending current, and there 
elivered downwards through a number of fine transverse slits or 
small holes. Care must be taken that this internal pipe is always 
filled witli water, and not partly with water and partly with steam,— 
as in the latter case a severe hammering action would be set up, the 
joints would be started, and the pipe very quickly destroyed. 

BiowH)fif, and scum, valves. — These should also be stoutly made 
valves of gun-metal, — ^ribbed as above directed for feed check vaSves,— 
and are b^t fitted so that the pressure tends to hold the valve on 
its seat, in order to reduce the risk of leakage as much as possible. 
Now that fresh water is so much used, and loss made up by means of 
evaporators, and from reserve tanks, the blow-ofi' valve is much less 
necessary than formerly, and in some recent Naval vessels it has been 
entirely omitted. 

The scum valve should have an internal pipe leading to it from a 
dircular *'scum pan" or dished plate of sheet brass (about 15 inches 
dianieter) fixed near to the centre of the water surface, and at about 
the lowest working level; or, if preferred, the internal pipe may 
reach a little beyond the centre of water surface, and may oe closed 
at the end, and have simply a few longitudinal slits in its upper side 
to admit the scimi. 

The clear area through the blow-off valve may be that given by, — 

fttile22S 

Area of Wow^)fif pipe (square inches) -l-h '^^"" of water in boiler ^ 

5 

The area of scum pipe may be one-third that of blow-off pipe. 

Water gBXtge, — ^AU boilers, excepting small donkey boilers, 
should have two sets of water gauge fittings, and large double-ended 
boilers are better with three sets,^-one of which may be fitted direct 
to the shell. 

The gauge cocks and glass tubes should be carried on gun-metal 
stand-pipes, from which copper pipes should be led to the steam and 
water spaces of the boilers. 

Tha internal diameter of the stand-pipe and its connections should 
not be less than 1 inch, and for large boilers 1% inch is desnrable, 
and the connections should be made of extra stout piping,— say not 
thmner than 9 L.S.G. . . 
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No cocks or yalyes should be fitted where these connections join 
the boiler,— as serions accidents have occnrred through their nse, — 
and care shoold be taken not to place the inlets near to any opening 
through which there may be a current of steam or water, since the 
level of the water in the glass may be affected thereby, — a difference 
of xNneasnre of one-tenth of a pound causing an alteration in level of 
27 inches. 

Also, in fixing the level at which the water is to stand in the glass, 
the lowering of level due to the cooling and consequent contraction 
of the water in the stand-pipe connection should not be forgotten, — 
though it is always an error on the side of safety. 

Kankine gave the following rule for detennining the volume of 
water at di^rent temperatures : — 

Let the volume of tne water at its temperature of maximum density 
(39 '2^ F.) be represented by unity, and let its volume at T be Y, 
then, — 

' ^T+461^ 600 \ 



'-K- 



600 T + 461i 



He calls this an approximate rule, but states that the error is only 
one four-hundredth. 

CircuUtisig: apparatus. —It is very desirable to have large rigidly 
constructed boilers fitted with some apparatus for circulating the 
water whilst getting up steam ; if hydrokineters are not fitted, 
connections should be made with one of the auxiliary steam 
pumps. 

In almost all cylindrical boilers the rate of evaporation may be 
improved by fitting a proper arrangement of circulating plates ; the 
first cost is something, and they are rather in the wav when the 
boiler is being cleaned, but the gain is often worth the cost and 
trouble. 

An air-cock should be fitted at the highest point of each boiler. 

Admindtr proportions of safety valves.— For 160 lbs. pressure 
the Admiralty are at present fitting valves in the larger classes of 
vessel, with a total gross area of about *4 square inch per foot of 
grate. 

The Board of Trade Rules referring to boiler mountii^s, &c., 
areas follows: — 

110. No boiler or steam chamber should be so constructed, fitted, 
or arranged that the escape of steam from it through the safety 
valves required by the Act of Parliament can be wholly, or partially, 
intercepted by the action of another valve. 

A stop valve should always be fitted between the boDer and the 
steam pipe, and, where two or more boilers are connected with a 
steam receiver or superheater, between each boiler and the super- 
heater or steam receiver. The object of this is obvious, viz., to avoid 
the failure of all the boilers through the failure of one. The necks 
of stop valves should be as short as practicable. 
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Declarations should not be given for new steamers, for steamers 
that have not had passenger certificates before February 1871, nor for 
steamers that have nad new boilers since February 1871, unless stop 
valves are fitted between the boilers and the steam pipes. 

111. Each boiler should be fitted with a glass water-gauge, at 
least three test cocks, and a steam gauge. Boilers that are fired from 
both ends, and those of unusual width, should have a glass water 
gauge and three test cocks at each end or side, as the case noay be. 
When a steamer has more than one boiler, each boiler should be 
treated as a separate one, and have all the requisite fittings. 

When the upper and lower glass water-gauge cocks are not attached 
directly to the shell of the boiler, but a stand pipe or column is 
fitted, cocks or valves, although the former are more desirable, should 
as a general rule be fitted between the boiler and the stand pipes, &c. 
Cocks or valves need not, however, be insisted on in cases where the 
columns, stand pipes, &c., are of moderate length and of exiara 
strength, provided that the diameter of the bore at any part is not 
less than 3 inches. 

If the column, stand pipes, &c., are of less diameter than 3 inches, 
and the pipes are bolted to the boiler without the intervention of 
cocks or valves, the arrangement need not be objected to, if other- 
wise satisfactory, providing there is no difficulty in keepins the 
passages at the ends clear, and ascertaining that they are so. To do 
this it will be necessary that the passage in the part of the column 
between the top and bottom gauge-glass cocks be cut off or closed, 
which may be done permanenuy, or by the interposition of a cock or 
valve at that part. The latter is a convenient and desirable arrange- 
ment even when cocks are fitted on the boiler. 

In the case of high pressures, it is desirable that the cocks or 
valves which prevent the escape of water or steam from the boiler, be 
fitted with handles which can be expeditiously manipulated from a 
convenient position. 

It is desirable in all cases that test cocks be fitted directly to'the skin 
of the boiler, and when the passage in the part of the column to which 
the glass water-gauge cocks are attached (if so fitted) is permanently 
cut off, the test cocks mrist be fitted directly to the skin of the boiler. 

The Surveyors should satisfy themselves by actual examination 
whether the glass-water gauges of the boilers of the vessels they 
survey are fitted with automatic valves or fittings, as the existence 
of such fittings cannot always be ascertained by external examination. 
In aU cases full particulars of automatic gauges should be submitted 
for consideration before the gauges are passed. 

The Board of Trade Rules referring to Safety-Valves are 
as follows :— 

123. The Engineer Surveyor shall declare, amongst other things, the 
limits of the weight to be placed on the safety-valves ; that the safety- 
valves are such, and in such condition as required by the Act, and 
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that the machinenr is sufficient for the senrioe for the time he fixes, 
and is in sood condition for that time. 

The locked-np valves, i,e. , those out of the control of the engineer when 
steam is up, should hare an area not less, and a pressure not greater, 
than those which are not locked up, if any such ralves are fitted. 

Cases hare come under the notice of the Board of Trade in which 
steamships have heen surveyed and passed hy the Surveyors, with pipes 
between the boilers and the safety-valve chests. Such arrangement is 
not in accordance with the Act, which distinctly provides that the 
safety-valves shall be upon the boilers. 

The Surveyors are instructed that in all new boilers, and whenever 
aUercUiona can be ecuUy made, the valve chest should be placed directly 
on the boiler ; and the neck, or part between the chest and the flange 
which is bolted on to the boiler, should be as short as possible, and be 
cast in one with the chest. 

The Surveyors should note that it is not intended by this instruction 
that vessels with old boilers which have been previously passed with 
such an arrangement should be detained for the alterations to be 
carried out. 

Of course, in any case in which a Surveyor is of opinion that it is 
positively dangerous to have a length of pipe between the boilers and 
the safely valve chest, it is his du^ at once to insist on the requisite 
alterations being made before grantmg a declaration. 

If any person place an undue weight on the safety-valve of any 
steamship, or in the case of steamships surveyed under the Act, 
increase such wei^t beyond the limits fixed by the Engineer Surveyor, 
he shall, in addition to any other liabilities he may incur by so domg, 
incur a penalty not exceecQng one hundred pounds. 

124. The area per square foot of fire grate surface of the locked-up 
safety-valves should not be less than that given in the following 
Tables opposite the boiler pressure intended, but in no case should 
the valves be less than two inches in diameter. This applies to 
new vessels or vessels which have not received a passenger certificate. 

When, however, the valves are of the common description, and are 
made in accordance with the Tables, it will be necessary to fit them 
with springs having great elasticity, or to provide other means to keep 
the accumulation within moderate limits ; and as boilers with forced 
draiight may require valves considerably larger than those found by 
the Tables, the design of the valves proposed for such boilers, together 
with the estimated coal consumption per square foot of fire-grate, 
should be submitted to the Board for consideration. 

In ascertaining the fire-grate area, the length of the grate should be 
measured from the inner edge of the dead plate to the front of the 
bridge, and the width from side to side of the furnace on the top of 
the bars at the middle of their length. 

In the case of vessels that have not had a passenger certificate, if 
there is only one safety-valve on any boiler, the Surveyor should not 
grant a declaration without first referring the case to the Board fot 
special instructions. 
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Safety-Valve Areas (Board of Trade). 





Area of Valve 




Area of Valve 




Area of Valve 


Boner 


per square 


Boiler 


per square 


Boiler 


per square 


Pressure. 


foot of 


Pressure. 


foot of 


Pressure. 


foot of 




Fire-grate. 








Fire-srate. 


15 


1-250 


54 


•543 


93 


•347 


16 


1-209 


55 


•585 


94 


-344 


17 


1-171 


56 


•528 


95 


•340 


18 


1-186 


57 


•520 


96 


•337 


19 


1-102 


58 


•513 


97 


•334 


20 


1-071 


59 


•506 


98 


•331 


21 


1-041 


60 


•500 


99 


•328 


22 


1-013 


61 


•493 


100 


•326 


23 


'986 


62 


•487 


101 


•323 


24 


•961 


63 


•480 


102 


•320 


25 


•937 


64 


-474 ■ 


103 


•317 


26 


•914 


65 


•468 


104 


•816 


27 


•892 


66 


•462 


105 


•312 


28 


•872 


67 


•457 


. 106 


•309 


29 


•852 


68 


•461 


107 


•307 


SO 


•833 


69 


•446 


108 


•304 


31 


•815 


70 


•441 


109 


•802 


82 


•797 


71 


•436 


110 


•800 


83 


•781 


72 


•431 


111 


•297 


84 


•766 


78 


•426 


112 


•296 


85 


•750 


74 


•421 


113 


•292 


86 


•785 


75 


•416 


114 


•290 


87 


•721 


76 


-412 


115 


•288 


88 


•707 


77 


•407 


116 


•286 


89 


•694 


78 


•403 


117 


•284 


40 


•681 


79 


•898 


118 


•281 


41 


•669 


80 


•394 


119 


-279 


42 


•657 


81 


•390 


120 


•277 


43 


•646 


82 


•386 


121 


•275 


44 


•635 


83 


-382 


122 


•273 


45 


•625 


84 


•378 


123 


•271 


46 


•614 


85 


•375 


124 


•269 


47 


•604 


86 


•371 


125 


•267 


48 


•595 


87 


•367 


126 


•265 


49 


•585 


88 


•364 


127 


•264 


50 


•576 


89 


•360 


128 


•262 


51 


•568 


90 


•857 


129 


•260 


52 


•559 


91 


•353 


180 


•268 


53 


•551 


92 


•350 


181 


•256 
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Safe^-Valve Areas (Board of Trade)— oon^jm^ci. 





AraiofValve 




Aim of Valve 




Area of Valve 


Boiler 


per ■qniuv 


BoUer 


per ■Quare 


Boiler 


per iQuare 


Preasore. 


foot of 


Ftemire. 


foot of 


Preware. 


^oJfof 




nre-grate. 




FIre>grate. 




Fife-grate. 


132 


•265 


155 


•220 


178 


•194 


138 


•258 


156 


•219 


179 


•198 


184 


•251 


157 


•218 


180 


•192 


185 


•250 


158 


•216 


181 


•191 


186 


•248 


159 


•215 


182 


•190 


137 


•246 


160 


•214 


183 


•189 


188 


•245 


161 


•218 


184 


•188 


189 


•248 


162 


•211 


185 


•187 


140 


•241 


163 


•210 


186 


•186 


141 


-240 


164 


•209 


187 


•185 


142 


•238 


165 


•208 


188 


•184 


148 


•237 


166 


•207 


189 


•188 


. 144 


•235 


167 


•206 


190 


•182 


145 


•234 


168 


•204 


191 


•181 


146 


•232 


169 


•203 


192 


•181 


147 


•231 


170 


•202 


198 


•ISO 


148 


•230 


171 


•201 


194 


•179 


149 


•228 


172 


•200 


195 


•178 


150 


•227 


173 


•199 


196 


•177 


151 


•225 


174 


•198 


197 


•176 


15^ 


•224 


175 


•197 


198 


•176 


153 


•223 


176 


•196 


199 


•175 


154 


•221 


177 


•195 


200 


•174 



125. The Surreyor, in his examination of the machinery and boilers, 
is particularly to direct his attention to the safety-valves, and whenerer 
he considers it necessary, he is to satisfy hipaself as to the pressure on 
the boiler by actual trial. 

The Surveyor is to fix the limits of the weight to be placed on the 
safety-valves, and the responsibility of issuing a declaration before he 
is fully satisfied on the point is very grave. The law places on the 
Suryeyors the responsibility of *' declaring" that tiie boilers are in his 
judgment sufficient with the weights he states. 

The Surveyor is to examine the whole of the valves, weights, and 
springs at every survey. 

The responsibility of seeing to the efficiency of the mode by which 
the valves tire fitted so as to be out of the control of the engineer 
when steam is up rests with the Surveyor, as long as it is efficient, 
and the method adopted is approved of by the Board of Trade. 
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The safety-yalves should be fitted with lifting gear, so arranged 
that the two or more yalves on any one boiler can at all times be 
eased together, without interfering with the valves on any other 
boiler. The lifting ^ear should in all cases be arranged so that it can 
be worked by hand either from the engine-room or stoke-hole. 

Care should be taken that the safety-valves have a lift equal to at 
least one-fourth their diameter ; that the openings for the passage of 
steam to and from the valves, including the waste-steam pipe, should 
each have an area not less than the area of valves required by clause 
124 ; and that each valve box has a drain pipe fitted at its lowest part 
In the case of lever- valves, if the lever is not bushed with brass, the 
pin must be of brass ; iron and iron working together must not be 
passed. Too much care cannot be devoted to seeing that there is 
proper lift, and free means of escape of waste steam, as it is obvious 
that unless the lift and means for escape of waste steam are ample, 
the effect is the same as reducing the area of the valves or putting on 
an extra load. The valve seats should be secured by studs and 
nuts. 

The Surveyors are, as far as in their power, to make the opinion of 
the Board on these points generally known to the owners of passenger 
steamers. 

126. When the Surveyor has determined the amount of pressure he 
is to see the valves weighted accordingly, and the weights or springs 
fixed in such a manner as to preclude the possibility of their shifting 
or in any way increasing the pressure. The limits of the weight on the 
valves is to be inserted in the declaration, and should it at any time 
come to a Surveyor's knowledge that the weights or the loading of the 
valves have been shifted, or otherwise altered, or that the valves have 
been in any way interfered with, so as to increase the pressure, with- 
out the sanction of the Board of Trade, he is at once to report the 
facts to the Board of Trade. 

127. If the following conditions are complied with the Surveyor need 
raise no question as to the substitution of spring loaded valves for 
dead weighted valves : — 

(1.) That at least two valves are fitted to each boiler. 

(2.) That the valves are of the proper size, as by clause 124. 

(8.) That the springs and valves are so cased in that they cannot 
be tampered with. 

(4.) That provision is made to prevent the valves flying off in case 
of the springs breaking. 

(6.) That the requisite safety-valve area is cased in and locked up 
in the usual manner of the Government valves. 

(6.) That screw lifting gear is provided to ease all the valves, as 
by clause 125. 
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(7.) That the size of the steel of which the BTxringa are made is in 
■ooordanoe with th at f onn d hy the following fonnnla :— 

$ * the load on the spring in lbs. 

D * the diameter of the spring (from centre to centre of 
wire) in inches. 

<f « the diameter, or side of square, of the wire in inches. 

e * 8000 for round steel. 

e * 11,000 for square steel. 
(8.) That the springs are protected from the steam and impurities 

issuing £rom the tutcs. 
(9.) That when yalyes are loaded by direct springs, the compres- 
sing screws abut against metal stops or washers, when the 

loads sanctioned by the Surveyor are on the yalyes. 
(10.) That the ajprings hare a sufficient number of coils to allow a 

compression under the working load of at least one quarter 

the diameter of the valye. 

128. In no case is the Surveyor to give a declaration for snring-loaded 
valves, unless he has examined them and is acquainted witn the details 
of their construction, and unless he has tried them under full steam, 
and full firing, for at least 20 minutes with the feed- water shut off and 
stop-valve closed, and is fully satisfied with the result of the test. 
In special cases, or when the valves are of novel design, the results of 
the tests under full steam should be reports to the coard, but if the 
Surveyors are fuUy satisfied with the results of the tests they need not 
delav the granting of the declaration for the vessel subject to approval 
of tne Board. If the accumulation of pressure exceed 10 per cent, of 
the loaded pressure, he should not give his declaration without first 
reporting the case to the Bout! of Trade, accompanied by a sketch, 
and full particulars of the trial and the strength pressure of the 
boilers. 

129. In the case of valves, of which the principle and details have 
already been passed by the Board of Trade, the Surveyor need not reouire 
plans to be submitted so long as the detiuls are imaltered, of which he 
must fully satisfy himself ; but in any new arrangement of valves, or in 
any case m which any detail of approved valves is altered, he should, 
before assuming the responsibility of passing them, report particulars, 
with a drawing to scale, to the Board of TnAe. He can make this 
drawing hims^f from the actual parts of the valves fitted, but in order 
to save time, and to facilitate tne survey, the owners or makers of 
engines may prefer to send in tracings of their own, before the valves 
are placed on the boiler. If they do this the survey can be more 
readily made, and delay and expense may be saved to owners, as the 
Surveyor will not then nave to spend his time, and delay the ship, in 
preparing drawings and comparing them with the valves. 

The tracings of new safety-vtuve designs should, if possible, be 
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tranfimitted to the Board of Trade for consideration before tliecon- 
stmction of the safety-valyes is commenced. 

In some spring valves the accumulation of pressure has reached cent, 
per cent., and therefore if the Surveyor had not required a trial, he 
would have passed valves which would have caused a pressure on the 
boiler double that intended by him. And in some cases in which the 
increase of pressure has not been great, defects that would have 
rendered the valves highly dangerous have been discovered on an 
examination of drawings. 

The Surveyors should arrange with manufacturers so that the 
Surveyors may have the designs of valves which the manufactorers 
intend to use. An easy method of facilitating this matter is for the 
manufacturer to leave in the local Surveyor's office a plan or plans of 
his valve or valves when once agreed to, and then afterwards to inform 
the Surveydr that the valves fitted are according to drawing A, B, or 
C, as the case may be. By this means, when once a design has been 
a^ed upon, and is adhered to, all subsequent questions and delays 
mil be prevented. 

131. It is clearly the duty of the masters and engineers of vessels 
to see, in the intervals between the surveys, that the locked-np 
safety-valves, as well as the other safety-valves and the rest of the 
machinery, are in proper working order. There is no provision in the 
Merchant Shipping Act, 1854, exempting the owner of any vessel, on 
the ground that she has been surveyed by the Board of Trade 
Surveyors, from any liability, civil or criminal, to which he would 
otherwise be subject. The Act of Parliament requires the Government 
safety-valves to be out of the control of the engineer when the steam 
is up; this enactment, far from implying that he is not to have 
access to them, and to see to their working, at proper intervals when 
the vessel is in port rather implies the contrary ; and the master 
should take care tnat the engineer has access to them for that pur- 
pose. Substantial locks that cannot be easily tampered with, and as 
far as possible weather-proof, should be used for locking up the 
safety-valve boxes. . 

132. In witnessing, the. hydraulic tests of boilers, &c., and in 
witnessing all safety-valve tests for accumulation of pressure, the 
Surveyors are to use the pressure gauges supplied by the Board of 
Trade for the purpose. The steam gauge should not he used withont 
a syphon filled with water between it and the boiler, and in all cases 
in which the Surveyors have to adjust the safety-vadves of passenger 
steamships they should state in the Remarks column of their 
declarations which of the Board's gauges was used in making the 
adjustment of each set of valves. 

The rules relating to feed check valves and feed pipes have already 
been given at the end of the section on ** Feed pumps, &c." (page 143), 
and those relating to blow-off cocks and pipes at end of section on 
* * Sea valves '^ (page 192). 
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Lloyd's roles rdatififf to boiler ffloimtings* &c , ore as follows :— 

17. Two safety-yalTes are to be fitted to each boiler, and loaded to 
the workinff pressure in the presence of a Surveyor. In the case 
of boilers of greater working pressure than 60 lbs. per square inch, 
the safety-yalTes may be loaded to 6 lbs. abore the working pressure. 
If common yalves are used, their combined areas are to m -at least 
half a square inch to each sauare foot of grate surface. If improved 
Yslves are used, they are to be tested under steam in the presence of 
the Surveyor ; the accumulation is in no case to exceed 10 per cent. 
of the working pressure. 

18. An approved safety-valve is also to be fitted to the super* 
heater. 

19. In winch boilers one safety-valve will be allowed, provided 
its area is not less than half a square inch per square foot of grate 
surface. 

20. Each valve is to be arranged so that no extra load can be 
added when steam is up, and must be fitted with easing gear which 
lifts the valve itself. All safety-valve spindles are to extend through 
the covers, and are to be fitted with sockets and cross handles, so that 
the Talves can be lifted and turned round in their seats, and their 
efi&cieney tested at any time. 

21. Stop valves are to bo fitted so that each boiler can be worked 
separately. 

22. Each boiler is to be fitted with a separate steam gauge, to 
accurately indicate the pressare. 

23. Each boiler is to be fitted with a blow-off cock, independent of 
that on the vesseVs outside plating. 

FURNACE FITTINGS. 

Furnace fronts, &c — Furnace fronts and fire doors should always 
be of wreught-iron or steel, — never of cast-iron ; but the internal 

Erotectinc or bafiQe plates are better of cast-iron, since it bums away 
!S8 rapidly than the wrought material. The baffle plate should be 
in several small pieces, free to expand in all directions, rather than 
in one large piece, which would probably very soon crack and 
get adrift. 

The size of fire door, in the clear, may vary from 12 inches high 
by 18 inches wide, to 16 inches high by 24 inches wide, — the top of 
the opening being ardied, and struck with a radius equal to the width 
of the opening. 

A very good arrangement is that in which the otherwise useless 
comers to right and left of, and above the fire door, inside the furnace, 
are filled in oy curved cast-iron plates, perforated with small holes to 
allow the air to enter the furnace ; the air is thus heated to a certain 
extent in these boxes or chambers before coming into contact with the 
fuel, and, the riveted joint round the furnace mouth is protected from 
the fire. 
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Furnaces oyer 3 feet 6 iDches diameter are perhaps better with two 
half doors hinfled right and left, and meetin£[ in the centre, only one 
of which need be opened at once ; less cold air is then admitted, and 
one side of the fire can be attended to at a time. 

Means should be provided for holding the doors open in a 
sea-way. 

Fire-bar8» &c. — ^When chimney draught only, or chimney and 
forced draught not exceeding '5 in. of water, is used, the bars are 
better in one length, — ^up to 5 feet, or even to 5 feet 6 inches long ; 
when a ^eater air pressure is used, or when the grate is longer than 
6 feet 6 mches, two lengths of bars may be used. 

"When one long bar is used, it should be hooked to the inner edge 
of the dead plate, and free to expand inwards, and slide on the bridge- 
plate ; when two leneths are used, they should be hooked to tae 
central bearer-bar, and free to slide on both the bridge-plate and the 
dead-plate. 

In either case care should be taken that the dead-plate is formed 
so as to hold or support the bars with their faces or upper surfaces 
flush with its own upper surface. 

The thickness of bar and width of air space between bars must 
depend on the class of coal that will generally be used, and on the air 
pressure with which it is intended to work. 

The following are good average dimensions for fire-bars :— 

Thickness on &ce, 1 inch. 

ti at bottom edge, » , , , % u 

M on face, over distance pieces, . 1)4 t* 

II at bottom edge, . . . 1% " 

Depth at centre, • • . . *6 V length in inches, 

tt near ends, 2 n 

Width of air spaces, ^ inch. 

The slope of the crate surface should never be less than 1 inch per 
foot of length, and is better 1^ inch, or even more, when possible. 

When corrueated or ribbed fnmaces are used, the two side bars 
should be made to templates from the furnaces, and should fit as 
closely as possible into all the recesses. 

Fire-bars should, of course, be made of the most refractory iron 
obtainable ; fine grey irons are quite unsuitable. 

Bridges, &c. — In return-tube boilers the grate should never be so 
long that the front face of the bridge is less than 9 inches from the 
face of the back tube-plate. 

The height of bridge should be such that the clear area above it may 
be from %th to %th of the area of grate ; this proportion is obtained 
approximately when the clear height above the bndge at its centre is 
%rd of the diameter of ftimace. 

In the case of corrugated or grooved furnaces, the ash-pits require 
*o ^ ^^ ^*^ ^^ Jiniiig plates to enable the rake to be used. 
In Naval and other ships in which forced draught is used to any con- 
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Bidenble extent^ ahallow puis which can be kept fall of water are 
neceaeary. 

Each aah-pit should also be fitted with a good stoat pricker bar and 
with a damper ; when the closed stoke-hole system of forced draught 
is used, the damiHsrs are sometimes balanced and made to open 
inwards only, — closing against any pressare that may come from the 
lumaceside. 



LADDERS AND PLATFORMS, &c 

The following Table gi?e8 ordinary dimensions of ladders and 
gratings: — 

Table LXXVL— Ladders and Gratings. 



Ladders. 






Ske of side ban. 



Cast-iron 

steps. 



Bound 

bar-iion 

steps. 






II 



"SpiU" Gratings. 



i 



^1 



•8. 






in. m. 



3ViX% 



in. 
one % 



454 
4% 
6% 



11% pitch 

twojg 
IV, pitch 



in. in. 
15&18 



21 



24 



27 



\ and I 
I above J 



in. in. 
2%x% 

3x^X. 
3xyi. 

3xy,. 



in. 

% 



% 
% 
% 

J with 
I centra 
Vrapport 



in. 
2)4 



236 

2% 
2J4 



$^-inch roand iron "spills" should not be used for spans over 
18 inches. 

%-inch round iron "spills" should not be used for spans over 
27 inches. 

For wider spans, additional supporting bars, of the same section as 
the side hars, should be used. 

Ladder steps ^ould be from 9 to 10 inches apart (face to face). 
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The Gomers of cast-iron steps should be rounded away, and tiiey 
should be attached to the side bars of the bidder by two >i-in<di bolts 
at each end. 

The main engine-room ladder - should be 21 inches wide where 
possible, and in large ships, where there is plenty of room, 24 inches 
looks better. Stoke-hole ladders need not exceed 18 inches in 
width. 

Stoke-hole ladders are not usually fitted with cast-iron steps. 

The inclination of a ladder to the vertical may be almost anything, 
and depends on the space available, and purpose for which ladder 
is fittea; the main engine-room ladder should be 1 in 2 }4 ^^^^ 
possible. 

Handrails should be of solid wrought-iron, 1 inch in diameter. 

Stanchions, when 3 feet high, may taper from 1 inch diameter at the 
top to 1^-inch at the bottom ; when short, for ladders, ^-inch at top 
to 1 inch at bottom is enough. The ball through which the rail passes 
may be 2 inches in diameter. 

Engine and boiler room floors are best laid with chequered wrought- 
iron plates, — engine-room, *Xe-inch thick, and boiler-room, %-inch, 
exclusive of the raised pattern. In the Navy, }4-iiic^ ^i^d ^c-inch 
respectively are the usual thicknesses, but the numerous sup^rting 
bars necessar}r are supplied by the shipbuilders, and their weight is 
therefore not included under weight of machinery. 

It is very desirable that floor juates should be secured to the bearers 
where 'possible, as cases have occurred in which an accumulation of 
water surging from side to side in the stoke-hole, has lifted the plates 
and driven l£em against the sea valves and pipes, and thus caused the 
loss of the vessel. 



ENGINE AND BOILER SEATINGS, &c. 

It is extremely difficult to lay down any general rules that will be 
of service in designing engine and boiler seatings, because so mnch 
depends on the type and structure of ship, strength and stiffness of 
engine framing or bedplate, type of boilers and position in which they 
are to be placed, &c., out the following hints may be of some use. 

Seatings for vertical en^es. — ^When the seating must be built 
upon the top edges of the ship's floors, it generallv consists of two box 
girders, one under each side of the bedplate, parallel to the shaft am 
Whether additional cross girders should be fitted under each main 
bearing depends on the strength of the framing or bedplate. 

Such giraers usually have side plates varying from (-inch to {-inch 
in thic^ess and top plates from |-inch to 1 inch thick, and the 
riveting varies from f-inch rivets at 4 inch pitch to |-inch rivets at 
4f or 5 inches pitch. 

One of the chief difficulties with this type of structure is to get a 
sufficiently good attachment to the floors ; double reverse bars should 
always be fitted under the engines and boilers, and for large and heavy 
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engimw tlie attiohmait of &e rertical ride platw to the reTene bbn 
should also be by means of doable angle ban, so that there may be 
four liyetB at eyery eroesing point. The second bar is sometimes 
repfresented by a separate short piece at each frame. In very lichtly 
built ships it is often advisable to cany the yertical plates down 
between the floors, and to attach them to the skin plating as well as 
to the reverse bars. 

In all cases where rigid girders are added to the structure of the 
ship for the purpose of properly distribatinff weights or strains, care 
should be taken that they do not stop abrnptfy at any point, bulkhead 
or otherwise, but gradually decrease in section, or taper down for 
three or four frame spaces, ss otherwise serious results may ensue from 
the localization of the flexure or spring of the structure. 

Yery large and heavy engines are generally so constructed as to 
require only a plain flat surface of the same length and breadtib as the 
bedplate for a seating, and where the ship is built with open floors 
this should be obtained by placing a numoer of longitudinal girders 
across the tops of the floors and plating them over, using only so 
many athwartship girders as may be absolutely necessary. 

When the vessel is of cellular construction and has an inner and 
outer skin, box girders may be placed upon the inner bottom, — ^the 
vertical pktes being arranged to coincide with the longitudinals .in 
the donble bottom, — or the seating may be construct^ by simply 
strengthening the longitudinal and athwartship sirders already in the 
doable bottom, putting an additional short length in here and there, 
and increasing uie thickness of the inner bottom plating. 

In this latter case, the holding down bolts should each be screwed 
through the top plating from below so as to make a water-tight 
joint 

In either of the oases, if the shipbuilders are communicated with in 
time, there wiU not ^nerally be any difficulty in modifying the 
spacing of the longitudmals slightly to suit the engines ; a few inches 
in height may also sometimes be gained by ibrming troughs or 
recesses in the inner bottom under the cranks. 

Where box girders are placed upon the inner skin as described 
above, the Admiralty rule is that they shall be made water-tight, 
in order to prevent internal corrosion. 

Seatitigs for horizontal engines. —These are usualljr plain flat 
surfaces constructed as described above for vertical engines and of 
sufficient extent to receive the whole of the cylinders and main- 
bearing frames. In Naval vessels the seatins is usually formed by 
raising the inner bottom to the required heignt (thus increasing the 
depth of the double bottom) and increasing the scantlings as 
necessary. 

Of course the engines are not always placed exactly horizontal, nor. 
is the seating for Sie main bearing frames always the same height 
as that for the cylinder feet. 

The seatiflffs for paddle eng^es are usually consfenoted on one 
of the above descnbea plans, or on a combination of them, and do 
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not require any special description. The cases. in which the framing 
of the engine is constructed of plates and angles and built into the 
ship are of too special a nature to be advantageously treated here ; 
and the various methods of stiffening the sides of the ship and 
attaching the brackets for carrying the outer bearings also fall into 
the same category. 

Thrust block seatingfs should have specially strong and well 
extended attachments; they should extend over at least four frame 
spaces in small vessels, and over six or more in large ones, and as 
many as possible of the longitudinals of the engine seating should be 
made continuous with those of the thrust seat. 

Holding down bolts should be numerous and well distributed, and 
should have the points slightly burred over to prevent the slacking 
back of the nuts. 

Staying of eng^es. — ^The cylinders, kc, of vertical engines 
should never under any circumstances be stayed to the decks or upper 
works of the ship ; nor should the two sets of engines in a twin-screw 
vessel be stayed to one another ; there is no difficulty in obtaining all 
necessary stiffness by the expenditure of a little care and thought in 
designing the framing, and the risks run by using stays are serions, 
both when the ship is in a sea-way and when she is on the blocks in 
dry dock. In paddle vessels it is not practically possible to avoid 
connection between the engines and the upper works of the ship, bat 
even here, where a certain amount of spring is allowed for, cracked 
entablatures, or top frames, are by no means uncommon. 

Boiler seatings. — ^When either single or double-ended boilers are 
placed with their axes athwartships, the best type of seating is that in 
which H section girders (10 or 12 inches deep) running the full length 
of the boiler room are used, their lower flanges being riveted to the 
reverse bars, or to the inner skin, and their uppr fiances carrying the 
wedge shaped or roughly triangular chocks which hold the boilers in 
place. When the vessel is of cellular construction these sirders shonld 
be arranged to concide with the longitudinals in the double bottom. 

When the boilers are placed with their axes fore and aft, and each 
cradle or bearer is built upon the top of a separate floor, the proper dis- 
tribution of the weight is more difficult, but must be effected by putting 
in additional longitudinals, either intercostally or, preferably, on 
top of the floors. Care must be taken that these additional longitadi- 
nais do not prevent access to the underside of the boiler ; if they are 
made of considerable depth manholes may be cut in tiiem. When the 
construction of the vessel is cellular there is not usually any need to 
supplement the longitudinal connections. 

Single ended boilers should have two cradles or pairs of chocks ; 
double ended boilers of moderate size and weight, three ; and veiy 
large and heavy double ended boilers, four. 

The boilers should be prevented from moving end- ways by "toe" 
plates or brackets riveted to some convenient portion of tiie seating or 
of the vessel's structure. 

The greatest care must also be taken so to secure the boilers in thei 



BOILER SBATINOS. 273 

seats tliat no probable moyement of the Teasel will throw any atrain 
apon any of the pipes or conneotiona. This la beat done by riyetinff 
to the npper part oi the ahell of each boiler four platea, each of which 
has a '* aingle eye " forged on it, and leading from each a rod or link to 
some convenient part of the reaaera atmctore (anch as atringer or deck- 
beam), or to the neighbouring boiler. Theae eyes may be riveted in 
place when the riyeting of the ahell ia done, and they then aerve to 
sling the boiler by. Bracketa of plate and angle-iron attached to the 
deck-beams and almost touching tne top of the ahell are also sometimea 
convenient as a means of fixing the boilers in their seats. 

The present Admiralty method of securing the boilers is to rivet four 
eyes to the shell at about a foot above the top of the seatings and in the 
same planes with them, and four other similar eyes to the tops of the 
seatings themselves, and then connect each pair of eyes by a pair of flat 
links and pins, kc» 

Uofd's Rules rdaJdag to Seatins^ and to machinery spaces 
genenuly are as follows : — 

Secfcioo 26 (Seatins^, &c)— 1. In steam vessels care must be taken 
that the engine and boiler bearers are properly constructed, having 
efficient longitudinal ties ; and where the bearers may interfere with 
the longitudinal strength of the vessel, they must extend a sufficient 
distance beyond the bulkheads of the engine and boiler space to com- 
pensate for such interruption. 

2. Where it is intended to fit engines of greater power than in 
ordinary cargo carrying steamers, the en^ne seating should be of pro- 
portionately greater strength, and be apecially adapted with this object 
in view by b^g connect^ to the sides of the vessel ; and other means 
adopted to ensure greater rigidity and strength to withstand the extra 
vibrationproduceain this nart of the vessel 

3. As man^ upper, middle, and hold or lower-deck, beams of extra 
stre^gth, having double angles at upper and lower edges, of sizes as 
per &ble 6 4, are to be introduced in the engine and boiler space as 
may be practicable ; all such beams to be pillar^ wherever practicable. 

4. In the engine and boiler space, double reversed angles must be 
fitted to every floor, from bilge to bilge, and from margin plate to 
margin plate in vessels having double bottoms ; and in vessels where 
the nmnber for plating is 15,000 and above (excepting in way of double 
bottoms), or the deptn from the top of keel to top of hold beams is 17 
ft or above, they are to extend sufficiently high to admit of the bilge 
stringer angles being riveted to them, unless the bilges are otherwise 
additionally strengthened by web-frames, beyond the requirements of 
the Rules. 

(Here follows a statement of the requirements as to strength, pitchy 
and attachments, &c., of web frames for vessels of various numerals.) 

5. Where continuous bilge or side stringer bars pass through the web- 
frames, efficient compensation to be introduced in way of the same. 

6. When hold beams are omitted in the engine and boiler space, the 
web«frames are to be closer spaced than above described. '■ 

18 
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7. Where it is desired to adopt oth«r pl^jis than the foregoing for 
maintaining the necessary rigidity in the . engine and hoiler space, 
sltetches of the same must be submitted for the approval of the 
Committee. 

(Paragraph 8 states the requirements as to stren^h and stiflfening of 
shaft tcmn^ and provides that. a water-tight sluice door, capable of 
beinc worked from the upper deck, is to be fitted on the engine-room 
bulkhead, at the entrance to the tunnel.) 

Section 27 (Vidves, etc).— 2. The shut-off valves or codes of all 
opening for the inlet or outlet of water, in connection with the engines 
and boilers, are to be fitted close to the vessers sides, and are to be 
accessible at all times. 

4. Where soil pipes are attached to the outside plating below the 
load water-line, the lower length must be of steel or iron of substantiAl 
thickness, and be secured to the plating with a proper faced joint, and 
extended for some distance above the load water-line. 

5. If the remainder of the pipe be of lead, care m'ust be taken tbat it 
is of substantial thickness, and that it is properly protected externally 
with zinc or iron, to the satisfaction of the SoQiety s Surveyors. 

Section 29 (Opemnofs in Decks). — 1. The engine and boiler open- 
ings of the weather-deck of steam vessels are to be properly framed for 
a height of not less than 18 inches above the deck, the coaming plates 
to extend to the lower edge of the beams, and iron trunk bulkheads 
connected to the coamings should be fitted to a height of about 7 feet 

above the deck (here follows a statement of the thicknesses 

required and a reference to the illustrative sketches given at the end 
of the Rules). 

2. The eneine and boiler openings in the 'tween decks of all vessels 
are also to be enclosed by trunk bulkheads e£Sciently stiffened hy 
angle bars 80 inches apart, and extending to the weather-deck beams, 
to which they are to be secured. 

3. Strong iron doors will be allowed in these trunk bulkheads, 
provided their lower parts are at least 18 inches above the deck, and 
efficient arrangements made for their securiirjr. 

4. When a poop, or bridge-house, covers the engine and boiler space, 
the coamings of the engine and boiler openings should not be less than 
2 feet above such deck, unless these openings are constructed as 
provided for in the first paragraph of this section. 

5« It is considered that in all cases the engine and boiler openings 
should be made as small as practicable, and be subdivided by athwart- 
ship iron divisional casings to secure the maximum safety of the vessel 
The two sides of the casing should in all instances be efficiently 
connected by angle beams within them at the upper part.. . 

6. The engine-room skylights are to be in all cases substantially 
constructed and to be securely bolted or riveted to the coamings, and 
where the skylight top is not solid with, bull's-eyes, fitted in the same, 
efficient dead-lights. of metal or wood mast be provided. The grating 
oj^fiw overtbe stoke-hole must also be protected by plates, fitted 
with hmges, or otherwise in a manner satisfactory to the Surveyors. 
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7. Where either of th« opening exceeds 15 it, or the oombined 
length ezcMds 80 ft, the beams in way of the same are to be plated 
oTer from the stringer to the tie-plates, the plating extending two beam 
spfhoes beyond the openings, and tapered from thence towards .the 
stringw plate for a distance not less than the breadth of the plati&g 
reqoired to be fitted ; the thickness of this plating to be the same as 
given in Table 6 for iron decks. 

8. Where large openings are adjacent to each other, the intervening 
space between the hatchways to be plated over. 

Section 30 (Bunker Hatches, etc).— Goal banker pipes, where 
practicable, are to be formed so as to be at least 12 inches above the 
nppor deck, fitted with lids having studs to fit in openings made in the 
ptpes, for their secnrity ; the pipes to be so formed that tarpaulin may 
be eeearely lashed over them. When there are coal bunker hatches in 
the weather deck they must be properly framed with coaming plates 
of sfoitabk height, having solid hatches secured by an iron bar or other 
approved fastening. 

SectiCMi 3S (Cement).—!. The frames and plating of the bottom 
of all vessels to the upper parts of the bilges to oe thickly and 
efficiently covered with Portland or other approved cement, which 
may be mixed with sand or other suitable substance. Care to be taken 
to have a proper substance of cement at its termination and to keep 
the watercourses clear all fore and aft. 

Section 38 (Pumps, etc).— 1. In steam vessels the pumping ar- 
rangements according to the division of holds, &c., to be as follows : — 

2. Holds with double bottoms.— In the double bottom of each 
compartment of the hold, and of eujgine and boiler space, a steam 
pump suction is to be fitted at the middle line, and one on each side 
to clear the tanks of water when the vessel has a heavy list. Where 
there is considerable rise of floor towards the ends of the vessels, the 
middle line suction only will be required. A steam pump suction and 
a hand pump are also to be fitted to each bilge in each hold where 
there is no well. When there is a well, one or three steam pump 
suctions are to be fitted in the same, according as there is considerable 
or little rise of floor, and hand pumps fitted at the bilges. 

3. Holds withoot double bottoms.— Where there is considerable 
rise of floor, one steam pump suction and one hand pump are to be fitted 
in each hold. In vessels with little rise of floor, two or three steam 
pump suctions and at least one hand pump to be fitted to each hold. 

4. Engine and Boiler space. — Where a double bottom extends 
the whole length of engine and boiler space, two steam pump suctions 
are to be fitted to the bilge on each side. Where there is a well one 
steam pump suction should be fitted in each bilge and one in the well. 
Where there is no double bottom in the machinery space, centre and 
wing steam pump suctions should be fitted. The rose dox of the bilge 
injection is to be fitted where easily accessible, and is to be used for 
bilge water only. The main and donkey pumps to draw Jtom Ul 
oompartments and the donkey to have also a separate bUge suddon in: 
the engme-room. 
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5. Fore and After Peaks.— If the peaks are fitted as water ballast 
tanks a separate steampomp suction is to be led to each. If not used 
for water ballast, an efficient pump is to be fitted to the fore peak. 

6. Tunnel. — ^The tunnel well is to be cleared by a steam pump suction. 

7. All Hand Pumps to be capable of being worked from the upper 
or main decks ahoYe the deep load water-line. 

8. No Sluice or other valves or cocks are to be fitted which are 
not 'at all times accessible. 

^. Sounding^ pipes to be fitted on each side of holds and ballast 
tanks, and a doubling plate is to be fitted under each. 

10. Air pipes to be fitted to each ballast tank as required. 

13 and 14. The pipes for bilge or ballast suctions are to be fitted 
with flanged joints, m conyenient lengths, so that they may be easily 
disconnected for clearing. Those to fore and after peaks and to the 
tunnel well should not be less than 2J inches inside diameter, except 
in vessels of less than 600 tons under deck, in which case they may be 
made 2 inches. 

15. The Bilg^e injection should not be less than two-thirds of the 
diameter of the sea inlet to the circulating pump. 

The inside diameter of other bilge suction pipes should not be less 
than given in the following Table : — 

Table LXXVIL— Sizes of Bilg^e Suction Pipes by 
Lloyd's Rules. 





Engine room 
and hold centre 


Wing suctions 






in holds when 


Wing suctions 




suctions, and 


no centre 


in holds 




separate 


suctions fitted, 


when centre 




donkey suction 


and wing 
suctions m 


suctions are 




in engine 


alsofltted. 




room. 


engine room. 






Inches. 


Inches. 


Inches. 


In vessels under 500 tons, 


2 


2 


2 


In vessels 500 tons but \ 


2)4 


2 


2 


under 1000 tons, . f 


In vessels 1000 tons but \ 


2% 


2^ 


2 


under 1500 tons, . / 


In vessels 1500 tons but \ 


3 


2% 


2% 


under 2000 tons, . f 


In vessels 2000 tons but \ 


3% 


3 


2% 


under 3000 tons, . f 


In vessels above 3000 \ 
tons, . . . / 


3% 


3% 


2% 



In cases where two or more of the suctions from any one compart- 
ment are connected to the pumps by a single pipe, this pipe should 
not be of less size than the centra suction. 
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LLOYD'S SURVEYS. 

Lloyd's ordinary sonrey ia made on the following items at the 
periods named : — 

(a) On the different parts of the en^pnes daring erection. ** 
lb) On the sea connections while being fitted to the vessel. 
{e) On the boiler plates when they are bent» flanged and holed, 
ready for riveting, and on stays, kc, while oeing fitted. 

(d) Testing the boilers by hydraulic pressure. 

(e) When engines and boilers are being fixed on board the vessel. 
(/) At the setting and testing of saraty valves, and trj^ing the 

machinery under steam. 

Lloyd's special surrey.— The additional regulations with regard to 
specialsurveys are as follows : — 

(g) In steam vessels built under special survey, the machinery 
and boilers must also be constructed under special survey. 

(h) In cases of machinery or new boilers bein^^ built under special 
survey, the distingmshing mark A will be noted in red, 
thus : " lit L*C," or *' iji NE 4 B," or " ift NB." 

{j) In order to fiicilitate this inspection, the plans of the machinery 
and boilers are to be examined, and from them the work- 
ing pressure fixed. 

(k) The Surveyors are to examine the materials and workmanship 
from the commencement of the work until the final test of 
the machinery under steam ; any defects, &c., to be pointed 
out as early as possible. 

(Z) The Surveyors may also, if desired, compare the work as it 
progresses with the requirements of the specification agreed 
upon by the parties concerned, and certify to the conditions 
thereof, as far as can be seen, being satisfactorily complied 
with. 

For Lloyd's requirements as to steel castings see under Cast 
Steel in section on *' Materials " (page 292). 

LLOYD'S RULES RELATING TO SPARE GEAR. 
Lloyd's requirements as to spare geauc are as follows :— 
The articles of spare ^;ear mentioned in the following list will be 
required to be carried m all steam vessels classed in the Society's 
Register Book, viz.: — 

2 connecting rod, or piston rod, top end bolts and nuts. 

2 „ bottom end bolts and nuts. 

2 main bearing bolts. 

1 set of coupling bolts. 

1 set of feed and bilge pump valves. 

1 set of piston springs (where common springs are used). 

A quantity of assorted bolts and nuts. _^ 

Iron of various sizes. 
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In addition to tlie foregoing, ihe following articles are recommended 
to be carried with a view to expedite repairs and lessen delay in 
dbtant ports, viz. : — 

Crank shaft. 1 set of link brasses. 

Propeller shaft. 1 eccentric strap complete. 

Propeller, or a full set of blades. Air-pump rod. 

Stem-bush, or lignum-vitsB Circulating-pnmp rod. 
lining for bush. 

1 pair connecting-rod brasses. H.P. valve spindle. 

1 pair crosshead brasses. L.P. ,, 

1 set of check valves. 2 dozen boiler tubes. 

6 cylinder cover bolts. 3 ,, condenser tubes. 

6 junk-ring bolts. 1 cylinder escape- valve and spring. 

4 valve-chest cover bolts. 1 set of safety-valve springs. 

ADDITIONAL BOARD OF TRADE RULES. 

The following Board of Trade rules concern the engineer, but cannot 
properly be placed under any of the preceding section headings : — 

63. There should be for each compartment a piimp of sufficient 
size which can be worked from the upper deck. A rose or perforated 
box of sufficient size should be fitted at the end of the suction pipe of 
each pump, and means provided for clearing the end of the suction pipe. 

It is very desirable that the steam winches (if any) be so fitted and ar- 
ranged that the deck pumps can be worked by them as well as by hand. 

Deck pumps should be provided with suitable handles, and those 
of the smaller size should have handles long enough for at le^t two 
men to work at them. 

64. Sounding pipes should be fitted from the upper dock for 
ascertaining the depth of water in each compartment. The collision 
bulkhead should not have a valve or cock or any opening in it, nor 
should pipes be led through it. 

65. Rpes connected with pumps worked by the engines sboiild be 
carried tnrough the bulkheads into all the compartments fore and 
aft of the engine-room, except the compartment in iront of the collision 
bulkhead, so that each compartment can be pumped out separately by 
the engines as well as by the deck pump. The pi^ should be well 
secured where they pass through the bulkheads, and it is very desirable 
that cocks or valves be fitted between these suction pipes and the bulk- 
heads, capable of being opened or shut from the upper or main deck. 

66. A spare tiller, properly^ fitted to the rudder head, relieving 
tackle, &c., should, in all loreign-goine apd home trade steamers, be 
kept near the after steering gear ready for immediate service. The 
steering gear, including chains, should be thoroughly overhauled at 
every survey, and taken to pieces and thoroughly examined at least 
once a year. The chains and blocks that are liable to interfere with 
or endanger the passengers or crew should be guarded by portable but 
properly secured ^ards, 



ABDITIONAL BOABD OF TRADX BULBS. 279 

With the ykm of relierinff, as far as practicable, the rudders of 
Tesseb from acTere and sudaen shocks, springs have in some cases 
been fitted to the quadrant, or to the rods or chains at each side of the 
▼easel, and the Board think that snch fittings, or other efficient means, 
ahonld be adopted, more particnUrl j in the case of new ye8Sel& 

The Snrreyors should note that the steam and exhaust pipes 
of steering en^es in all new passenger steamships should be at 
least the same internal diameter respectively as the steam and exhaust 
connections on the cylinders, which they should see are sufficient for 
the purpose, and they should be so arranged that water cannot lodge 
in them. Bight-angled bends should be avoided as much as possible, 
and the pipes should be used exclusively for .the steering engines. 
In cases wnere this is not complied with, full particulars and 
sketches ahould be submitted to the Board for consideration. 

Attention is also directed to a description of steam steering gear, in 
which a part of the shaft by which the helmsman actuates the 
controlling valve, passes through another shaft that is liable to be 
thrown out of line by the reaction of the spur gearing, and, con- 
sequently, liable to jam the inside shaft to such an extent as to 
deprive the helmsman of the control of the steering gjear. All 
steam steering gear should be carefully examined, and if any be 
found constructed in the manner described above, their use should 
be discouraged, and should not be approved, unless they have been 
tested from midship to hard over in both directions, and found 
satisfiictory when the vessel is running at full speed. 

It is very desirable that the man at the helm should be so placed 
that he has a clear lookout ahead, more especially in steamers that 
frequent crowded harbours or rivers. 

67. In passing a helm indicator, the Surveyor should ascertain by 
actual trial that whenever the pointer moves to the word ''port " on 
the dial or plate, wherever that word may be, it shows that the helm is 
ported, and whenever the pointer points to the word ''starboard," wher- 
ever that word may be, it means that the helm is starboarded. 

In the foregoing directions it is assumed that " port helm " means 
that the helm is so moved as to turn the ship's head to the right, and 
"starboard helm" means that the helm is so moved as to turn the 
ship's head to the left 

77. Passenger steamers going to sea should be provided with a 
hose adapted for the purpose of extinguishing fire in anv part of the 
ship, and capable of oein^ connected with the engines of the ship, or 
wiui the donkey engine, if it can be worked from the main boiler. 
The Surveyor must take care that it answers the required 
pimoose. 

Tne fire hose should be connected and stretched, to judge of its 
length, and thoroughly examined at every survey, and at least once 
a year (and at any other time that the Surveyor thinks it necessary) 
tested with the conductor in its place by pumping water through it 
by the main or donkey engines at full speed. A proper conductbr and 
metal bend or goose nedc form part of its equipment, and should 
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be provided. Generally, leather hoses are the most durable, and 
ahoold be supplied when a declaration for 12 months is required. 

121. In all boilers in which the Surveyors find that cast-iron 
is employed in such a manner as to be subject to the pressure of 
steam or water, they are directed to report the circumstances to the 
Board of Trade, in order that they may receive instructions how to 
act. Cast-iron stand-pipes or cocks through which hot brine would 
have to pass should never be passed. Cast-iron should not be used for 
stavs, and Surveyors should also discourage the use of cast-iron for ohocb 
ana saddles for boilers. Particular attention should be paid to the 
chocking of boilers, more especially when they are fired athwartships. 

143. In the case of steamers coming in for survey under the Passengers 
Acts, and other steamers performing ocean voyages, no question as to 
gear need be raised if the following spare gear and stores are supplied, 
or their equivalent which should be submitted to the Board for con- 
sideration. The heavier portions of this gear should have been fitted 
and tried in their places, and should be kept on board where access can 
at all times be had to them : — 



1 pair of connecting rod 1 

1 air pump bucket, and rod, with guide. 

1 circulating pump bucket and rod. 

1 air pump head valve, seat and guard. 

1 set of india-rubber valves for air pumps. 

1 circidating pump head valve, seat and guard. 

1 set of indm-rubber valves for circulating pumps. 

2 main bearing bolts and nuts. 
2 connecting rod bolts and nuts. 

2 piston rod bolts and nuts, 

8 screw shaft couj)ling bolts and nuts. 

1 set of piston springs suitable for the pistons. 

3 sets, if of india-rubber, or 1 set if of metal, of feed pomp 

valves and seats. 
3 sets, if of india-rubber, or 1 set if of metal, of bilge pump valves 

and seats. 
1 hydrometer. 

Boiler tubes, 3 for each boiler. 
100 iron assorted bolts, nuts, and washers, screwed, but need not 

be turned. 
12 brass bolts and nuts, assorted, turned, and fitted. 
50 iron „ „ „ „ 

50 condenser tubes. 

100 sets of packing for condenser tube ends, or an equivalent 
At least one spare spring of each size for escape valves. 
1 set of water-gauge glasses, 
^th of the total number of fire-bars necessary. 
3 plates of iron, assorted. 
6 bars of iron, assorted. 
1 complete set of stocks, dies, and taps, suitable for the engines. 
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1 nnith's aaviL 

1 fitter's Tioe. 

Ratchet-braoes, and suitable drills. 

1 copper or metal hammer. 

Snitaole blocks and tacklins for lifting weights. 

1 dozen files, assorted, and handles for the same. 

1 set of drifts or expanders for boiler tubes. 

1 set of safety-yalye springs (if so fitted) for every fonr valves ; if 
there are not foar valves, then at least one set of springs 
must be carried. 

1 screw jack. 

And a set of engineer's tools suitable for the service, including 
hammers and chisels for vice and forge ; solder and solder- 
ing iron ; sheets of tin and copper ; spelter ; muriatic acid, 
or other equivalent, fcc, &c. 
145. The distilling apparatus of emigrant ships should be taken to 
pieces every voyage, except in the cases of steamers holding passenger 
certificates, which should be taken to pieces at least once every six 
months, or oftener, if the Surveyor thinks it necessary, and the tubes 
or coUs tested to at least twice the load on the safety-valve on the 
apparatus, or in cases where no safety-valve is fitted, to twice the 
highest workinff pressure of the boiler from which the apparatus can 
be worked, and the machinery and boilers thoroughly examined. 
After the distUling apparatus is put together again, it would be tested 
as to the quantity and quality of the water m^le. 

The water should be cold, pure, and fit to drink immediately it is 
drawn off from the filter. No distilling apparatus should be passed, 
unless fitted with a suitable sized filter, chuged with animal charcoal ; 
the charcoal should be taken out, cleansed, or renewed every voyage, 
except in case of steamers holding passenger certificates, in which case 
it need not be taken out, unless the Surveyor thinks it necessary, 
oftener than eveiy six months. In such cases (where passenger steamers 
are ooming fte(|uently in for survey under the Passenger Acts, and 
such complete examination is not made previous to each voyage), the 
Surveyor will be held wholly responsible for the efficiency of the 
apparatus ; but the quantity and quality of the water must be tried 
previous to every voya^. It therefore rests with him whether he orders 
them to be taken to pieces every voysge or not. The boilers should be 
at least equal in strength to the boilers of passenger steamers, and should 
have the same fittings as are necessary for them in accordance with the 
Board of Trade Regulations. The Surveyor must satisfy himself as to 
the capability of the man who is to have charge of the apparatus. 

The steam for working the apparatus is not to be taken from the 
main boilers. No exhaust steam must be permitted to go into the 
condenser if appliances for the introduction of lubricants be fitted to 
the steam pipes, or steam cylinder of the pumping engine. The 
boiler of the apparatus must not be filled or fed with water from the 
surface condensers of the main engines, and must not be fitted with 
cocks, &C., for the introduction of tallow or oil 
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When the water ia pumped into the condenser there should be an 
efficient escape-valve on the condenser, which cannot be readily 
tampered with, and if the condensing portion of the apparatus or the 
cooler and filter be unfit to bear the pressure on tne boiler, an 
efficient safety-valve that cannot be readily overloaded should befitted 
betwe^i the steam pipe and the apparatus. 

146. It is advisable that the donkey engine for pumping water 
through the condenser be so fitted that it can be made available in 
case of emergency for extinguishing fire in any part of the ship ; a 
leather hose, with suitable l^nds and conductors, should be supplied 
for this purpose. 

147. The following list of tools and materials should be provided for 
distilling apparatus : — 

1 set of stoking tools. 

1 scaling tool 

1 spanner for boiler doors. 

1 set of fire bars, suitable for boiler. 

1 14-inch flat bastard file. 

1 14-inch half-round file. 

1 10-inch round file. 

3 file handles. 

2 hand oold chisels. 
1 chipping hammer. 

1 pair patent gas tongs. 

1 soldering iron. 
10 lbs. of solder. 

2 lbs. of rosin. 
6 gauge glasses. 

24 india-rubber gauge glass washers. 
30 bolts and nuts, assorted. 
1 slide rod for donkey pump. 
5 lbs. spun yarn. 
10 lbs. cotton waste. 

1 deal box, with lock, complete. 

2 gallons machinery oiL 

Animal charcoal sufficient to charge the filter at least twice. 

1 can for machinery oil. 

1 oil feeder. 

1 small bench vice. 

1 ratchet brace. 

4 drills, assorted. 

1 set dies and taps suitable for the bolts. 

2 fflass salinometers. 

1 hydrometer and pot. 
1 shifting spanner. 
1 lamp for engineer. 

And other articles that the ^rticular distiller and boiler supplied 
may, in the Surveyor's judgment, require. 
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CHAINS AND ROPES. 

The foUowiog Tables give the Admiralty requirements as to chains :— 

Table LXZVIII.--Adiiiifml^,Tests, &c.» of Stud-ltiik 

Chain Cable. 



DIju of 
cable in 


5S^ 

int<»ii. 


FMof 

load 

in torn. 


Weight of 

fitthomi 
incwtik 


DIJLOf# 

caUein 
inches. 


Braaldnc 
■irength 
in tons. 


nroot 

load 
in torn. 


Weight of 

fethoma 
inowta. 


''A. 


4-90 


3-6 


9-25 


1% 


66-70 


40-5 


108-0 


^ 


6-30 


4-5 


12-0 


1^ 


66-50 


47-5 


126-76 


•Xt 


7-70 


5-6 


15*25 


1% 


77-17 


65*125 


147-0 


% 


9-80 


7-0 


18-76 


IX 


88-55 


63-25 


168-76 


"/• 


11-90 


8-6 


22-75 


2 


100-80 


72-0 


192-0 


% 


1417 


10-126 


27-0 


2% 


113-75 


81-25 


216-75 


% 


19*25 


18-76 


86-76 


i^ 


127-57 


91126 


243-0 


1 


25-20 


18-0 


48-0 


142-10 


101-5 


270-76 


ijj 


31-85 


22-75 


60-76 


18 


157-50 


112-5 


800-0 


134 


39-37 


28-125 


75-0 


181-02 


129-8 


368-0 


196 


47-60 


34-0 


90-75 


8 


204 12 


146-8 


432-0 



ITp to and including 2H inches diameter the above proof loads are 
equal to 630 lbs. per circular % inch of section of one side of liidc, and 
are the same as those required by the Chain Gables and Anchors Acts ; 
but for 2% inch diameter the load is reduced to 698 '6 lbs. per 
circular % inch, and for 3 inch diameter to 567 lbs. The formula for 
pnx^ loads of chains up to 2)4 inches diameter may also be 
written,— 

Proof load In tons - 18 x (diameter in inches)'. 
The breaking strengths are placed at 40 per cent, aboye the proof loads. 



Table LXZVIIIa.-Admiralty Tests, &c, of Short-link Chain. 


Dia. of 
chain In 


2S^ 

icrangui 


proof 
load 


Weight 

per 

fathom in 

poonds. 


0ia.of 
chain in 


Breaking 
strength 


Proof 
load 


Weight 

fat^in 
pounds. 


InchM. 


intona. 


Intona. 


ittchefl. 


intona. 


intona. 


§. 


1-87 


•76 


3-0 


^•/x. 


26-37 


10-65 


49 


2-93 


1-17 


6-5 


1 


80-00 


12-00 


66-0 


9£ 


4-22 


1-69 


8 


l'X« 


38-87 


13-64 


63 


V{. 


5-74 


2-30 


10-5 


1% 


37-97 


16-18 


710 




7-60 


8-00 


140 


!'/<• 


42-30 


16-92 


79-0 


M« 


9-49 


8-80 


18-0 


!-^. 


46-87 


18-75 


87-0 


11-72 


4-69 


22-0 


51-68 


20-67 


96-0 


"A* 


1418 


6-67 


27-0 




66-72 


22-68 


106-0 


% 


16-87 


6-76 


82-0 


VAn 


62-00 


24-80 


116-0 


"/. 


19-80 


7*92 


37-0 


1^ 


67-60 


27-00 


127-0 


% 


22-97 


9-19 


430 


... 




... 


... 
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The proof loads for short-link chains are %rds those for stud-link 
chains. 

The rule may be written,— Proof load in tons -X2x (diameter 
in inches)'. The breaking strengths of short-link chains are placed 
at 2^ times the proof loads. 

Lloyd's requirements as to chain cables, &c., are given in Table 
LXXIX.; the proof loads and breaking strengths are those required 
by the Act of Parliament ; the breaking strengths for chains aboye 
1 ^ inch diameter are the same as required by uie Admiralty, but for 
chains of 1^ inch diameter and under, Lloyd's require a slightly 
higher breaking strength. 

Table LXXIX.— Lloyd's Tests of Stud-link Chain Cables. 



Diameter of 


Proof load 


Breaking 
strength 

(Statutory) 
in tons. 


Diameter 


Proof load 


Breaking 


in inches. 


(Statatoiy) 
in tons. 


of chain 
in inches. 


(Statatoiy) 
in tons. 


Bbrragui 

(Statatoiy) 

in tons. 


"/i« 


8-6 


12-76 


1% 


47-5 


66-5 


% 


10-125 


15-125 


!"/• 


51-26 


71-75 


^VlB 


11-876 


17-8 


1% 


66-126 


77-126 1 


% 


1376 


20-626 


l"/i. 


69-126 


82-76 


^%. 


16-8 


28-7 


1% 


63*26 


88-5 


1 


18-0 


27-0 


l^Vie 


67-6 


94-5 i 


IMe 


20-3 


80-4 


2 


72-0 


100-8 1 


1^ 


22-75 


34-126 


2yi« 


76-6 


107 1 1 


IVie 


26-376 


38-0 


2y8 


81-26 


113-76 : 


1% 


28-126 


42-125 


2Mii 


86-126 


120-5 


IVi. 


31-0 


46-6 


Li 


91-126 


127-6 


1% 


34-0 


61-0 


96-26 


134-75 


I'Xe 


37-126 


56-626 


2% 


101-6 


142-1 


1^ 


40-6 


68-7 


ayie 


107-0 


1497 


lVl6 


43-9 


61-4 


2% 


112-6 


167-6 



Note. — Unstudded close-link chains will be admitted as cables if 
proved to two-thirds the load required for stud-link chains, and if 
the breaking strength is not less than twice such proof load. 

In some recent tests of the chain cables of large steamers a 2$^ -inch 
cable gave an average ultimate strength of 212 tons, and a 2*X«-iocli 
cable gave 223 tons as the lowest and 229 tons as the highest of se?en 
tests. 

The safe workings load on chains should not be taken higher 
than half the proof load ; if this proportion be adopted the formula 
becomes : — 

Working load in tons- } ^ ^ (diameter in inches)" for stud-link. 
^ ) 6 X (diameter in inches)* for dose-link 

For ordinary crane chains and slings 4 x (diameter in inches)" is 
high enough. 
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Table LXXX.— Admindty Flexible Steel Wire Ropes. 











Torsion 




Size of 

^^ 
cniiife^ 
eiice)iii 


Kmn- 
berof 
wires in 
each 
stnukd. 


Weight 

per 
fkthom 
in lbs. 


liini- 
mnm 
break- 

■fg& 


test; 
No. o« 
twisto 
each 
wire 


DnotiUty tests, Ac 


inches. 




in tons. 


mnst 












stand. 




8 


30 


53 


148 


9 


Each roDo to consist of 6 
strands. Wires to be of best 












7 


30 


41 


118 


11 


pare zinc. 


6% 


30 


85 


98 


14 


The rope is to be laid up 
evenly ana nnifonulv as regards 
flize and angle, and is to con- 


6 


80 


31 


84 


15 


5% 


24 


28 


71 


16 


tain a proper sized hemp core. 
A latitude not exceeding 5 


5 


24 


23 


59 


17 


per cent over or under the 


4% 


12 


14 


39 


15 


prescribed weights will be allow- 
ed. 


4 


12 


12 


81 


17 


Elongation will be assumed 
to commence when one-sixth 


3% 


12 


9 


24 


18 


of the breaking-load has been 
applied. 


3 


12 


7 


17 


22 


Test A (torsion).— Each wire 


2% 


• 
12 


5% 


14% 


25 


to stand being twisted through 
the number of revolutions stated 


2% 


12 


4% 


11% 


26 


in colnnm 5, in a length of 8 
inches. 


2% 


12 


3% 


9 


28 


Test B(bending).— Each wire 
to stand coiline around itself 
eight turns and back again. 


2 


12 


2% 


7 


33 


1% 


12 


2 


6% 


36 


If, in being tested, one wire 
in seven fail, but the other six 


1% 


12 


1% 


4 


41 


give fair and uniform results, 
the average being up to the 
standard, the rope will be con- 


1% 


12 


1% 


2K 


47 












sidered satisfiactory in that 


1 


12 


% 


1% 


60 


respect. 
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Proportioiis of links of chains.— The standard proportioiis of the 
links of chains, in terms of the diameter of the bar from which they 
are made, are as follows : — 

QyenU length Overall breadth 

Stud-link 6 diameters S'6 diameters 

Close-link 6 „ 8*5 „ 

The stud has usually a diameter at the centre of *6 x diameter of chain 
and at the ends 1 x diameter of chain. 

Weigfht of chains.— The weight of st^d-link chain cables is given 
very nearly by the rule, — 

W=65cP 
where W— weight per fathom in pounds, and (2 —diameter of bar from 
which chain is made. 
For close-link chain the rule becomes, — 
W-68d« 
The above rules give weights about mid-wav between those required 
by the Admiralty and those required by Llovd's. The weight ia o( 
course miich affected by the length of link used. 

Steel Wire Ropes. 

The Admiralty reouirements with regard to flexible steel wire ropes 
are given in Table LXXX. on previous page. 

Steel wire ropes for standing rigging are required to be made of 
fewer wires of larger diameter, are rawer heavier, and must be of 
rather greater ultimate strength. 

The following Table shows the breaking strengths that steel wire 
hawsers, &c. must show in order to be accepted by Lloyd's :^- 



Table LXXXI. 


— Brealdnfif strengths of Steel Wire Ropes by 
Lloyd's Rules. 


Sise 
in inches. 


Breaking strength 


Size 

(circumference) 

in inches. 


^"•st;^*' 


2 


7 


3% 


29 


2% 


9% . 


4 


88 


2% 




4)4 


85 


2% 


16% 


4% 


89 


8 


18 


i% 


47 


3% 


22 


5 


59 


S% 


26 


6% 


71 



A short length of each of the wires composing the hawser, kc. will also 
be required, after being galvanised, to show a tensile strength equiva- 
lent to that given in the above Table, and the aggregate strength of the 
wires must not be less than 10 per cent in excess of that strength. 

Each wire must also be capable of being twisted around itself not 
less than eight times, and of^ being untwisted and straightened again 
without breaking. 
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The ftamffth of steel wire ropes, relatiyely to their girth, depends 
not only on we quality of the wire used, but also on the amount of nemp 
core nnd ; nsuaU^r there is a central hemp core, and sometimes eacn 
strand has also a similar core, but sometimes there are no hemp cores 
at alL There would be no particular difficulty in obtaining ropes to 
stand twice the tests ^Ten in the abore Table, but such ropes would 
probably be wanting in flexibility, and would require drums of yery 
large diameter if they were to work satisfactorily and to last any 
time. 

Hcnip Rop€S. 

Hemp is laid up right-handed in yams ; and yams are laid up 
left-handed into strancuk 

A hawser is composed of three strands laid up right-handed. 

A cable is composed of three hawsers laid up left-handed. 

Shroud-laid rope has a core surrounded by tour strands. 

The strength of hemp ropes depends on the quality of the hemp 
used, on the type or make of the rope, and on its condition (i.e., 
wet or dry, taired or untarred). 

The twist diminishes the strength, but increases the solidity and dura- 
bility, and the strength therefore depends to some extent on the twist. 

T^en a rope is wet or tarred its strength is reduced by about one- 
fonrth. 

The working strength is commonly taken as )f^th of the breaking 
strength. 

The Admiralty requirements as to various sizes of hawser-laid 
cordsjge in common use are given in Table LXXXIL ; the 11-inch 
rope is specified to be of tarreid Petersburg hemp, but aJl the smaller 
sizes are to be of tsrred Biga hemp ; all are to be three strand. 

Table LXXXIL— Admiralty Tarred Hemp Cordagt. 



Size of rope 

(circumference) 

in inches. 


Sizeofysm. 


Number of 
threads in 
the rope. 


strength. 








Tons. cwt. qrs. 


% 


40 


6 


8 


% 


»» 


12 


6 


1 


ft 


16 


08 


1^4 


)) 


38 


16 


1% 


>» 


42 


10 


2 


ft < 


54 


17 


2% 


f* 


84 


2 


8 




120 


3 


3K 


80 


123 


8 18 


4 


tt 


169 


5 


4H 


>» 


201 


6 9 


5 


$f 


249 


7 18 


U 


25 


1008 


86 10 
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All sizes are specified to be formed at an angle of 27^ hardened at 
87^ and finished at 42^ 

If the smallest size be excluded, the above Table gives breaking 
strengths which approximate very closely to those given by the 
formma, — 

Breaking^ strength in cwts. -> {6-2 x girth in inches^) + 2. 

The weight in pounds per fathom of hawser-laid hemp ropes is 
given approximately by the rule, — 

Weight in lbs. per fathom =- '17 x (girth in inches)^ for dry ropes. 
„ „ — '21 X (girth in inches)' for wet or 

tarred ropes. 



STRENGTH, Ac, OF MATERIALS. 

Cast-iron. 

The strength that an iron casting may be expected to possess 
depends on the Quality of the iron, on the number of times it has 
been melted, on the design or form of the casting, and. on the skiU 
and care exercised in the foundry to ensure soundness and freedom 
from contraction stresses. The quality of the iron depends on its 
chemical constitution, and on the method of manufacture. The 
effects of variations in chemical composition are indicated in the 
following table : — 



Table LXXXI 1 1.— Compositions and qualities of Cast-iron. 



QuaUty. 


CompoBition. 


Combined 
carbon 
per cent. 


Graphitic 

carbon 

percent 


SlUoon 
percent. 


Very soft. 

Very hard, . 

Great general strength, . 

Great tensile strength, . 

Great crushing strength, 


•15 
over 1*0 


3 1 

'2*8 

under 2*6 


2-6 

under '8 

1-42 

1-8 

about -8 



Pig irons are as a rule divided into seven classes, each of which is 
known by a number. No. 1 contains the most free or graphitic 
cubon, and, when broken, exhibits a very coarsely granular &actare 
with dark grey scales of considerable size; when melted, "it runs 
very thin,** or is of extreme fluidity, and is therefore used mostly for 
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fine omamental cftStiogB, and for mixing with other nnmberB when 
increased fluidity is required. 

No. 2 pig ia neither so soft nor so fluid as No. 1, hat is not 
sufficiently close grained for general use. 

No. 3 pig ia that usuall^r employed for marine engine castings ; hy 
adding No. 1 a mixture suitable ror complicated castings is obtained, 
and the addition of No. i gives a harder and closer-grained 
metal. 

No. 4 is not much used in the foundry except for such mixing 
purposes ; it still shows a grey fracture, but the grain is finer ana 
more crystalline, and there is an absence of the graphitic scales so 
marked in Nos. 1, 2, and 8. 

Nos. 5 and 6 are not used in the foundry at all, but are made for 
conversion into wrought-iron, &c. 

No. 7 pig shows a silyery white and crystalline fracture, contains 
practically no free carbon, and is extremely hard. Like Nos. 5 and 6 it 
is a "forge iron," and is sometimes called "white forge," whilst Nos. 
5 and 6 are called ''grey forge." 

Iron from different districts, and made from different classes of 
ore, of course yaries considerably in composition and quality, but 
quality is also considerably affected by the method of reduction, — 
cold-blast iron being usually stronger, tougher, and closer grained 
than hot-blast, and therefore often used for mixing with other irons 
where exceptional strength and toughness is required. 

Iron miztures. — As all cast-irons are imnroyed by re-melting, no 
important casting should be made entirely of new pig, and if 
maximum stren^h is required the whole of the material should 
be re-melted. 

For cylinders a strongy'tough, and close-grained metal is required, 
and a metal of this character may be obtained by usine eoual pro- 
portions of picked scrap, best Scotch No. 3 pig, and Blaenayon 
(cold blast). If the cylinder is to haye liners and isAae faces, most of 
the hardening elements may be omitted. 

Cylinder Imers and false faces require a fair amount of strength 
and great hardness, and may be made of No. 3 Scotch iron, Blaenavon, 
and selected hard scrap, or if that is not obtainable its place may be 
taken by some No. 4 pig. 

Casitings of simple form, such as propeller blades and bosses, may 
be increased in hiurdness, strength, and closeness of grain by the 
addition of steel boiler plate scrap to the extent of even 10 per cent. 
Haematite is used for the same purpose. 

The contnictioo of iron castings in cooling yaries considerably 
with the form and proportions of the casting, but is, on an ayerage, 
\'io to % inch per foot 

The cooling ot large and intricate castings should be as gradual as 
possible, as the internal stresses are then somewhat relieycS, and the 
risk of cracks diminished. 

19 
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Tht weigfht of castpiron also varies very considerably, — ^the differ 
ence between the heaviest and lightest kinds being nearly 40 lbs. 
per eabie foot; bat a fair average value, and one easily remembered, 
IS about 450 lbs. per cubic foot, or '26 lbs. per cubic inch. A 
plate 1 foot square x 1 inch thick will then weigh 37*5 lbs. 
Ordinary marine castings are probably rather above than below this 
wejffht 

Strength of cast-iron. — Cast-iron suitable for ordinary marine 
castings should not have a lower ultimate tensile strength than 17,000 
lbs. per square inch, and when weight is of importance, and scantlings 
are cut down, a strength of 20,000 to 22,000 lbs. per square inch 
should be aimed at. 

The testing machine should be in constant use if there is to be any 
check on the foundry, or if any accurate knowledge as to the material 
being turned out is required. 

The ultimate strength of cast-iron in compression is about 90,000 
lbs. per square inch ; in ordinary construction it may carry three 
times as much as in tension. ' 

The Admiralty requirements as to cast-iron are as follows :— 
Test pieces to be taken from such castings as the inspecting officer 

may consider necessary. The minimum tensile .strength to be 9 tons 

(20,160 lbs.) per square inch, taken on a length of not leas than 2 

inches. 
The transverse breaking load for a bar one inch square, loaded 

at the middle between supports one foot apart, is not to be less than 

2000 lbs. 

Wrought Iron. 

The quality of wrought iron, — ^provided it is free from such harmfal 
ingredients as sulphur and phosphorus,-— depends largely on the 
amount of work that has been done on it at the mill, — i»e., on the 
extent to which it has been rolled down and the fibre developed. 

The appearance of the fracture depends a good deal on the manner in 
which it is broken ; if good bar iron is nicked at one side, and slowly 
broken or bent back, it should show a clear white silvery, and almost 
entirely fibrous, fracture, whereas if nicked on two sides, or quickly 
broken, the fracture will show more of a fine white crystalline grain, 
and less fibre. 

A specimen from a good forging will show a clear and silvery grain, 
but larger than that of the bar iron, with about 20 to 30 per cent qf 
fibrous patches. 

An inferior iron usually shows a coarse crystalline structure, or if 
fibre is present, it is dull and earthy looking. 

Coarse crystals, or large shinine plates, generally indicate a *' cold- 
short" iron, and "red-shortness is indicated by an earthy, dull, 
or dark fracture. 

Merchant bar is the commonest quality generally used by 
engineers ; ladders, gratings, fire bars, bearer bars, &c., are made of it. 
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Best fasr is the next qnality ; its tensile strength is about 24 tons 
(or aay 54,000 lbs.) per square inch, and it may be used for all 
orcBnary smithing purposes. 

Best best fasr is a higher quality sgain, and has an ultimate 
tenacity of 26 to 27 tons (or say 68,000 to 60,000 lbs.) per square inch, 
with an elongation of about 25 per cent, in 8 inches, and a contraction 
of area of about 50 per cent. ; the fibre is uniform and silky in appear- 
ance, and the bar may be bent double, cold, without fracture. 

Best Yorkshire boiler plates. — ^This at one time indispensable 
material is now rarely used by marine engineers. Its ultimate tensile 
strength, with the grain, is about 24 tons (54,000 lbs.), and across the 
grain about 22 tons (49,000 lbs.) per square inch, with an elongation 
of about 13 snd 8 per cent, respectively. Its elastic strength, with the 
grain, is nearly 12 tons (26,000 lbs.) per square inch. 

Staffordshire plates. — This quality of iron is also little used 
by marine engineers now ; it was largely used for boiler shells, &c. 
Its ultimate tensile strength is about as follows : — 

Plates of % inch thick J with the grain— 22 tons (50,000 lbs.), 
and upwards . . \ across the grain — 18 tons (40,500 lbs.). 

Iroa forg^ingfs.— 'The strength of iron forgings depends both on the 
quality of the scri^) fix)m which they are made, and on the size 
of foiging, or the amount of work that has been done on them under 
the hammer. 

For a large forging, 20 tons (45,000 lbs.) per square inch, with an 
extension of 8 or 10 per cent, in 8 inches, would be a very fair test 
result; with a small fbrging, about 22 tons (50,000 lbs.) per square 
inch, and an extension of 12 or 15 per cent, should be reacned. 

Wdg^ht of wrought iron.— Wrought iron varies slightly in density 
according to the me^od of manufacture, the form into which it is put, 
and the amount of impurity it contains. A fair average value is 485 
lbs. per cubic foot, or '28 lb. per cubic inch ; bars and Yorkshire plates 
give about this figure, but Stadbrdshire plates are rather lighter (about 
480 lbs.), and large forgings lighter again (about 477 lbs.), — owing 
probably to the presence of cinder in a minutely divided condition. 
A square foot of plate, one inch thick, usually weighs 40 lbs. 



Cast Steel. 

Steel castines for the pistons, covers, framing, &c., of marine 
engines should have an ultimate tensile strength of 29 to 81 tons 
(65,000 to 69,000 lbs.) per square inch, with an extension of about 10 
or 12 per cent, in 8 inches. For castings that are at all intricate, or 
thin in parts, it is necessary to use a rather stronger steel say up to 
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36 or 88 tons ultimate strength), as the milder and tougher steels are 
not sufficiently fluid when melted, but the extension obtainable will 
not then exceed about 8 per cent. 

The contraction of cast steel in cooling is more variable than 
that of cast iron, but is on an average about ^e inch per foot, or the 
same as that of brass. Special care should therefore be taken in 
designing large pieces to be cast in this metal, and forms that will 
interfere with the contraction, or cause the casting to "draw" in cool- 
ing, should be avoided ; when possible an open or H section should be 
preferred to a close or box section for framings, as the former is more 
likely to give a sound casting, — especially if plenty of small ribs are 
placed along in the angles (say ^-inch thick and 6 inches pitch, — for 
large framings, — dying away at 3 inches out from the angle in both 
directions) and a good radius is used. 

Annealing;, for the purpose of relieving internal stresses set up in 
cooling, is very necessary for large or intricate castings, and desirable 
for all. 

Soft steels of this class will contain about '3 per cent, of carbon ; 
when the proportion reaches about 1 per cent, it becomes possible to 
harden or temper the steel. 

Good hard cast steel, with an ultimate strength of 50 or 55 tons, 
will probably contain 1*3 or 1*4 per cent, of carbon. 

To weld properly, steel must not contain more than *5 per cent, 
of carbon. 

Weieht of steel castings.— Soft steels, of 28 to 35 tons ultimate 
strength, weigh about 490 lbs. per cubic foot, or '284 lb. per cubic 
inch : a plate 1 foot square and 1 inch thick will therefore weigh 
very nearly 41 lbs. 

The Admiralty requirements as regards steel castings for 
machinery are as follows : — 

Tensile strength to be not less than 28 tons (63,000 lbs.) per square 
inch, with an extension, in 2 inches of length, of, at least, 13^ per 
cent, for intricate castings, and not less than 18^ per cent, for simple 
ones. 

Bars 1 inch square should be capable of bending, cold, without 
fracture, through an angle of 90**, over a radius not greater than 1^ 
inches. 

Test pieces are to be taken from each important ingot and casting. 

Lloyd's requirements as to steel castings for machinery are as 
follows : — 

For purposes for which cast-iron is ordinarily employed, such as 
propeller bosses and blades, bed-plates, engine framing and columns, 
brackets, weigh-shaft levers, pistons, cylinder covers, eccentric straps, 
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bearing bashes, &c., the castings must be sound, and are to be 
subjected to snch drop and hammering tests as are practicable. 

For shafts or parts of shafts, and for purposes for which forginffs 
are ordinarily employed, the material must also be subjected to the 
following tests: — 

A tensile test is to be made of a piece taken from each casting. 
The tensile strength is not to exceed 30 tons (67,000 lb?.) per square 
inch, and the elongation is not to be less than 10 per cent, in a length 
of 8 inches, and a test piece turned to 1 ^ inches diameter, or planed 
to 1 34 inches square, is to be capable of being bent, cold, through an 
angle of 90", over a radius not exceeding 1% inches, without 
fracture. 

All steel castings are to be thoroughly annealed. 



Steel Bars and Plates. 

This material has now almost entirely superseded bars and plates 
of wronght-iron ; even for ventilators, uptakes, chimneys, &c., it is 
cheaper than iron of the quality that would be necessary to stand the 
working, rolling, &c. 

The tests required by the Admiralty, by the Board of Trade, and by 
Lloyd's, are fully given in the section on '^ Steel Boilers" (pages 229 
and 230). 

In steel boiler plates rolled from ingots, the strength of test pieces 
is found to be practically independent of the direction in which they 
are cut from the plate, i.e., whether the material is pulled asunder in 
the direction of rolling, or across that direction. 

The percentage of carbon in mild steel bars and plates (27 to 30 tons 
per square inch) is usually between '15 and *4 per cent. 

We^ht of steel bars and plates.— The average weight of steel of 
this description is about 490 lbs. per cubic foot, or *284 lb. per 
cubic inch, and a plate 1 foot square and 1 inch thick weighs about 
41 lbs. 

Experience in handling mild steel has shown that work cannot 
safely be continued after the red colour of the heat has disappeared ; 
when cold, the material will stand very severe treatment, and it is 
equally ductile at a full red heat (say 1500° to 1800^, but below 800° 
it seems to be in a critical and at times brittle and unreliable con- 
dition, and should not be handled again until it has cooled below 500°, 
or been re-heated. 

Also, when a plate has been locally heated or worked, the internal 
stresses set up seem to be much more severe than in the case of 
wrought-iron, and to avoid all risk of cracks, the plate should be care* 
fully annealed, as soon as possible. 
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Steel Forgings. 

Steel forgings are similar in most respects to bars aud plates, 
but, of course, not quite so dense or so uniform in texture and 
strength. 

The Admiralty require that all steel forgings for machinery Bhall 
be made from ingots, and test pieces from all important ingots and 
fonnngs must satisfy the following conditions : — 

ultimate tensile strength, not less than 28 tons, with an extension 
in 2 inches of length, of at least 28 per cent The maximum tensile 
strength is not to exceed 85 tons per square inch, with an extension 
in 2 inches of length of at least 24 per cent. The limit of elasticity to 
be not less than 55 per cent, of the ultimate strength. 

Bars 1 inch square should bend cold, without fracture, through an 
angle of l80°, over a radius not greater than %-inch. 

The weight of steel toTzm^ may be taken as about 487 lbs. per 
cubic foot, or '282 lb. per cubic inch. 

Whitworth's fluid compressed steel weighs about 495 lbs. per cubic 
foot. 

Copper. 

Copper in its unalloyed condition is used mainly for pipes and for 
fire-box plates of loco type boilers. 

The tenacity of sheet copper is about 13% tons (30,000 lbs.) per 
square inch. 

Annealed copper wire has a strength of about 18 tons (40,000 lbs.) 
per square inch. 

Sheet copper has a weight equivalent to about 550 lbs. per cubic 
foot, or '318 lb. per cubic inch. 

For weights of copper pipes see page 318. 



Gun-Metal. 

Gun-metal is composed of copper and tin in various proportions, 
and a small percentage of zinc is usually added to ensure sound 
castings. 

Its strength depends mainly on its composition, but is much affected 
by such circumstances as the size of the casting, the rate of cooling, 
and the skill of the founder in mixing the metals, ventilating the 
moulds, relieving the cores, &c. 

In large castings which cool slowly there is a great tendency for the 
metals to separate from one another to some extent, and the average 
strength is therefore usually less than in small castings ; it is also a 
general rule that the more quickly the casting is ooolea the stronger 
the metal is. ^ ^ —r^ 
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The metal aets vei^ rapidly, and contracts nearly */{« incli per foot 
on an average, and in large castings the cores must be very quickly 
relieved if me casting is not to m drawn and porous and of low 
tenacity. 

With a mixture of 90 per cent copper and 10 per cent tin, a 
carefully made test bar may be cot to show a strength of nearly 
17 tons (38,000 lbs.) per souare inch. With 84 per cent copper and 
16 per cent tin, a much harder metal is obtained (the haraness of 
gun-metal varies almost directly with the percentage of tin in the 
mixtnre), with an ultimate strength of test piece of about 16 tons 
(35,000 lbs.) per square inch. 

For heavy bearmgs, 79 per cent, copper and 21 per cent tin is 
sometimes used ; the resulting metal is very hard, and test pieces 
show a strength of 13^ to 14 tons (30,000 to 31,000 lbs.) per square 
indi. 

Admiralty gun-metal. — For all ordinary casting in connection 
with the machinery, the gun -metal used must contain not less than 
8 per cent, of tin, and Ttct more than 5 per cent, of sine. For air- 
compressing machinery and torpedo fittings, &c (where the working 
pressure is 1700 lbs. per square inch), uie mixture specified is, — 
Ck>pper, not less than 86 per cent. ; Tin, noi less than 10 nor more than 
12 per cent. ; Zinc, not mare than 2 per cent Cuttings to be sent to 
Portsmouth dockyard for analysis. 

When carefully made, test bars of this metal will show a strength 
of nearly 15 tons (33,000 lbs.) per square inch, and the average 
strength of castings is about 13^ tons (30,000 lbs.) per square 
inch. 

Fairly good ordinary gun-metal ought to show a strength of about 
12 tons (27,000 lbs.) per square inch, and should extend 10 per cent, 
in a length of 2 inches before breaking. 

Its wdg^ht is about 545 lbs. per cubic foot, or '315 lb. per cubic 
inch. 

Phosphor Bronze. 

This metal is composed of copper and tin, with a small proportion 
(about ^ per cent.) of phosphorus. It is harder than ordinary gun- 
metal, very close ^ined, and of superior strength. The averase 
ultimate strength is about 15^ tons (35,000 lbs.) per square inch, 
while that of some grades of the metal is as hi^h as 22 tons ; it is, 
however, very ** red-short," and, when heated, is liable to crack. 
Great care is required in melting and running it, and r^ated meltings 
very much reduce its virtue. 

Manganese Bronze. 

Muiganese bronze consists of copper and tin, or copper, tin, and 
zinc (according to the grade of metal required), with the addition of 
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a proportion of ferro-maDganese. The quality generally used for 
propeller blades shows a strength of about 21 to 22 tons (47,000 to 
49,000 lbs.) as ordinarily cast, but rather better results can be 
obtained by casting the blades on end, and giving a head of about 2 
feet. 

The weight of this material is about 535 lbs. per cubic foot, or 
•31 lbs. per cubic inch. 

Rolled rods of manganese bronze can be obtained of strengths 
varying from 28 to 32 tons (63,000 to 72,000 lbs.) per square inch, 
and showing an elongation of 40 per cent, to 15 per cent, in 2 inches. 



Muntz Metal. 

Muntz metal is composed of 60 per cent, of copper, and 40 per 
cent* of zinc It is very ductile, and can be forged when hot, and 
has an ultimate tensile strength of about 22 tons (49,000 lbs.) per 
square inch. A cubic foot weighs about 512 lbs., and a cubic inch 
about '296 lbs. 

Naval Brass. 

Naval brass is composed of 62 per cent, copper, 37 per cent, zinc, 
and 1 per cent, tin, and possesses qualities very similar to those of 
muntz metal ; the small addition of tin is found to protect it against 
the corrosive action of sea water, which causes muntz metal to 
"perish" or decay. Its strength is rather higher than that of 
muntz metal, and may be taken as about 24 tons (54,000 lbs.) per 
square inch. 

White Metals. 

The [following Table shows the compositions of some of the best 
known white metals : — 





Copper. 


Tin. 


ZInci 


Lead. 


Antimony. 


Parson's white brass 
Babbit's white metal 
Fenton*8 white metal 


1 

8-5 

4-4 


68 
83 
16-6 


30-5 
79 


•5 


8-6 



A very good white metal is made by mixing 6 parts of tin with 
1 of copper, and 6 parts of tin with 1 of antimony, and then adding 
the two mixtures together. 
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XaUe LXXXIV.— Streiis:ths, &c., of Materials (Summary). 



MateriaL 



Ultimate 

tensile strength. 

lbs. per 

sqnare Inch. 



Elastic 

strength. 

lbs. per 

sqnareinch. 



Elongation 

per cent., 

when broken by 

tensile stress. 



Cast-iron (ordinary good) 

11 (Admiralty) 

Wrought-iron bars (or- 
dinary good) 
Yorksbire plate — 
With grain 

Stafibrdshire plate — 

With grain 

Across ti 
Iron forgings — 



Steel castings (ordinary 
good) 

Steel castings (Admiralty) 

(Lloyd's) . 

Steel boiler plate — 
(Ordinary good) 

(Admiralty) internal . 

II shell 

(B. of T.) internal . 
ft shell 

Lloyd's . 

Steel forgings (Admiralty) 

Sheet copper . 
Copper wire (annealed) 
Gun - metal (ordinary 

good) 
Gon-metal (Admiralty) 
Phosphor bronze (cast) 
Manganese bronze ,, 

t. (rolled) 

Montz metal 
Naval brass 



18,000 
f not less than 
I .20,160 

54,000 

54,000 
49,000 

60,000 
41,000 

45,000 
50,000 

67,000 

i not less 
than 
63,000 
notexc'd'g 
67,000 J 



65,000 
otezc'd 
\ 60,480 

60,480-67,200 



J notezc'd'g \ 



58,240-67,200 
60,480-71,680 

58,240-67,200 

62,720-78,400 

30,000 
40,000 

27,000 
31,000 
35,000 
65,000 
67,000 
60,000 
54,000 



11,000 



29,000 
26,000 



24,000 



35,000 



36,000 



not less 

than 

31,860 



r 34,500 to 

L 48,120 

5,600 



6,500 
19,000 



30,000 
24,000 



15 % in 8 ins. 



r6 



8% 

9% 
13% 



10% .- 
f not less than 
\ 18H-18i6 % 
V in 2 ins. 

{not less tban 
10%in8ins. 

20% H 
20% ,. 



18%inl0in8. 

{not less than 
20% in 8 ins. 
28% to 24% \ 
in 2 ins. / 
35 % in 8 ins. 



10 % in 2 ins. 

12% in 2 ins. 
10% 



20% 

30^ „ 
25%in8i 



7 " 
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BENDING STRAINS. 

Table LXXXV.— Graphic Representation of Bending Moments 
and Shearing Strains in Simple Cases. 



Bending Moment 



Shearing Strain. 



/—greatest permissible stress on material ; Z— modulus of section 
— see Table LXXXYI. ; M>» greatest bending moment; 
S-" greatest shearing strain. 

Beams fixed at one end. 




M-WZ 



Working load-^ 






(?) 



S-W 




^ 



*- 



^T^ 



($> 



Mi-Wi l^ ; and M,-Wj Zj 
Ma-Wi^i+Wa^j 



Si-Wi; andS,-W, 



BEAMS FIXED AT ONB BNB. 
Beans fixed at one tad—ixnUinued, 
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Bending Moment. 




^Vorking: load (per _ ^fz 
unit of length) "" ""^ 




M«-W?+ 



Shearing Strain. 



/^ ^^®(^(S)@fe j 



S'^wl 







Beams supported at both ends. 




Working: load -44- 



1^ 



_L_^ 



T 



w 
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Beams supported at 



STRAINS. 

both ends— eon^mttet^. 



Bending Moment. 



Shearing Strain. 




Working^ load 








Working: load (per 8/2 
nnit of length) ""^ 



k /— 










3 _ Wifi+'W, Zg 




BBAMB FIXBD AT BOTH ENDS. 

Beans fixed at both ends. 
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Bending Moment. 



^ 



t 



--{—I- 
(j) 



In this case the bending moments at x, x, and x are equal, 
and have the valne, — 

^ WZ 



Workiiifi: load-^ 



Shearing Strain. 



Mb 



fe @ ® @ ® ® ® 




In this case the greatest bending moment occurs at x and x, 
and has the value, — 



M- 



12 



Working load (per ^ 12^ 
unit of length) p 
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is 

O so 

(0^ 



10 re} 

« I* 

J" '5 
II 

•1^ 

II* 

i1 
^1 

> .S 
.J ^ 



J 



1 

I 



tl 



-I 



«• 



%« S|» 



1 


03 


Si 
1 


S} 




& 






H» 


rO 



§ 



% 



h 



'^IS 



'-iai;::; 



s %IS 






Ill 



^is 



1 


(M 


3e 

1 


^ 


f-l 


& 










»« 






^ ^ 



I 



I 

W 



^ 



^ 
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I 

1 




«t 



o-go 

1^1 






-12 



I 

PQ 



I 
P3 



« 



§ 



+ 



51. 

I 



I 

H 

PQ 



w 

PQ 



PQ 
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Table LXXXVIL— Forms of Beams of Uniform Strength. 



Breadth {b) uniform throughout. 



Elevation of arrangement. 



Equation for dimensions. 




M^<P)(P)^(u!)(P) 




U ? 




l«^ -H (w^ H»2 H 



6Wie 



'-N/f 



8«JK» 



„_ /lira 



y.^^jmM 



bfl 



.= y^l^ 



m 




* V 4J) 



w 
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rable LXXZVII.— Forms of Beams of Uniform Strength. -^^m^. 
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EXPANSION OF METALS BY HEAT. 

The following table shows approximately the extent to which 
metals, &c, expand under the action of heat i — 



Table LXXX VI 1 1.— Expansion of Metals, &c., for rise of 
Temperature of i8o' F. 



Material 


Change of length. 


Fraction of 
total length. 


Inches per foot. 


Cast-iron, .... 
Wrought-iron, . 

Steel, 

Copper, .... 

Gun-metal, . 

Fire-brick, .... 


•00117 
•00122 
•00120 
•00182 
•00187 
•000423 


•0140 
•0146 
•0146 
•0218 
•0247 
•0050 



If ti and ^3 be the highest and lowest temperatures to which tk 
object is exposed, the alteration in length is given by, — 

Alteration in length (increase or diminution) = C x ( ~^ ) x L 

Where L is length in feet, value of C is taken from above table, and 
alteration of length is given in inches. 

The expansion of metals, per degree rise of temperature, increases 
slightly as higher temperatures are reached, but for all practical 
piurposes it may be assumed to be constant. 

Effect of temperature on strengths of metals.— At 400*" F. 
almost all alloys of copper, tin, and zinc lose from 15 to 20 per cent. 
of their ultimate strength. 

Copper is similarly affected, and loses 8 to 10 per cent of its 
strength at 400' F. 

Cast-iron is practically unaffected up to 400'' F. 

Wrought-iron and mild steel gain from 10 to 16 per cent in 
ultimate strength at 400'' F. 

The changes seem to progress regularly with the changes ol 
temperature. 
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MELTING POINTS OF METALS. 

Table LXXXYI. givoB, aBproximately, the. melting points of some 
ordiiiaTy metals ; it should oe understood that all temp^ratares above 
900" to 1000^ F. are only roughly approximate, as the readings of 
pyrometers cannot be relied upon to almndred degrees or so. 



Table LXXXIX.— Melting Points of some Metals. 



Wrougbt-iron melts at about . . . . 27OO'*-20OO° 


„ welds „ 
Steel (low carbon) melts ,, 








2700' 








2600** 


„ (high carbon) „ „ 








2400^* 


Cast-iron (white) „ „ 








2260** 


n (grey) »» »» 








2050** 


Copper „ „ 








2000** 


Wrougbt-iron—" cherry-red '* heat 








1500M800'' 


Gun-metal melts at about 








1700** 


Red heat visible by daylight aboqt 








HOC' 


Zinc melts at about 








840' 


Antimony ,, . . 








800° 


Red heat visible in dark about 








760°- 800° 


Lead melts at about 








630° 


Bismuth ,, . . 








510° 


Tin „ 


440° 
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WEIGHTS OF MATERIALS. 
Table XC— Weig^hts of Materials (Sumniary). 



Welgbtof acubic 
foot In lbs. 

•0807 

- 62-4 

- 63 

- 64 - 

- 67-58 

- 66 
• 68 

- 11 
-30-40 

- 40-46 

- 45-66 
about 65 
about 80 

about 140 
• 485 - 

- 480 - 

- 477 - 

- 490 - 

- 487 - 

- 496 - 

- 450 - 
' 490 . 

- 550 - 

- 546 - 

- 512 - 

- 530 - 

- 466 . 

- 436 - 

- 450 - 

- 708 - 

- 711 - 



Weigbt of a cubic 
inch in lbs. 



MateriaL 



Air (32° F. and 147 lbs. pressure) 

(pure, 
Water (60* F.) ] river, 

(sea, . 
Colza, linseed, or olive oil, 
Mineral oils, 
Tallow, 

"Waste (moderately pressed). 
Elm, pine, or fir timber,* 
Beecb, ash, or birch, „ 
Oak or teak, ,, 

Greenheart, ,, 

Lignum-vitae, ,, 

Fire brick, 

Wrought-iron bars or plates, 
Staffordshire plates, . 
Iron forgings (large), . 
Steel bars and plates, 
Steel forgings (large). 
Steel— Whitworth compressed. 
Cast-iron, . 
Cast-steel (mild), 
Sheet copper. 
Gun-metal, 
Muntz-metal, 
Naval brass (rolled), . 
White metal (Babbit's), 



- - -036 

- - -m 



•281 
•277 
•276 
•284 
•282 
•287 
•2«0 
•284 
•318 
•316 
•296 
•307 
•263 
•262 
•260 
•408 
•411 



A plate of cast-iron 1 foot square and 1 inch thick welglis 37*6 lbs. 
wrought-iron u u 40 n 

cast-steel (mild) u v 41 u 

wrought-steel (mild) n » 41 .« 

gun-metal u u 45 k 

rolled brass m •• 44 .* 

The Admiralty reckon 40 cubic feet of bunker space as 1 ton, but the osnal 
allowance is 45 cubip feet to the ton ; the actual average bulk gf a ton is about 
43 cubic feet, but if taken at 45 cubic feet a fair allowance is made for the upper 
portions under the deck-beams, which cannot be filled. 

* The following are the exact weights of the vaiious kinds of pine wood in general 
use, as derived from a series of careful experiments recently made by Mr Seaton:— 



Yellow pine, very dry. 

It in planks, seasoned, 

Baltic red pine, n v 

Oregon pine, n «i 

Kauri pine, n „ 

Pitch pine, «• .. 



24 lbs. per cubic foot. 

28 u 

30-5 II 

35 «i 

42 M 

46 II 
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Xable XCI.— ^Table of the Weight of Round and Square 
Wronffht-Iron Bars in lbs. per Lineal Foot 



Dia. 


Weight in lbs. 


DiA. 

or 


Weight in IbB. 


DiiL 
or 


Weight in IbB. 1 


or 














Side. 


Round. 


Square. 


Side. 


Roond. 


Square. 


Side. 


Round. 


Square. 


Vi. 


•093 


•117 


3% 


36-812 


46-875 


8 


167-63 


213-33 


>4 


•164 


•208 


% 


39-306 


60-052 


% 


172-81 


220 06 


v.. 


•266 


•326 








Ya 


178-17 


226-88 


% 


•36« 


•469 


4 


41-884 


68-333 


% 


183-61 


233-80 


Vx^ 


•601 


•638 


% 


44-542 


56-719 


M 


189/13 


240-83 


% 


•664 


•833 


)4 


47-283 


60-208 




194-73 


247-97 


•X. 


•828 


1-055 


% 


50-106 


63-802 


% 


200-42 


255-21 


% 


1^023 


1^302 




53-009 


67-500 


% 


206-19 


262-65 


"Xe 


1-237 


1-576 


% 


65-996 


71-302 








% 


1-473 


1-876 


% 


59-062 


75-208 


9 


212-04 


270-00 


^M. 


1-728 


2-201 


% 


62-212 


79-219 


% 


217-97 


277-66 


% 


2-004 


2-652 










223-98 


285-21 


^S. 


2^300 


2-930 


6 


66-443 


83-333 


% 


280-07 


292-97 








% 


68-756 


87-652 


^4 


236-25 


300-83 


1 


2-618 


3-333 


¥4, 


72-151 


91-875 


% 


242-51 


308-80 


^ 


8-313 


4-219 


% 


76-628 


96-302 


% 


248-85 


316-88 


^ 


4-090 


6-208 


% 


79-186 


100-83 


% 


256-27 


325-06 


% 


4-949 


6-302 


% 


82-827 


105-47 








% 


6-890 


7-500 


% 


86-549 


110-21 


10 


261-77 


333-33 


% 


6-912 


8-802 


% 


90-363 


115-06 


% 


268-36 


341-72 


y* 


8-017 


10-208 










275-03 


350-21 


% 


9-203 


11-719 


6 


94-238 


120-00 


% 


281-77 


858-80 








% 


98-206 


126-06 


^ 


288-60 


367-60 


2 


*10-471 


18-333 


Va 


102-26 


130-21 


% 


295-52 


376-80 


% 


11-821 


16-062 


% 


106-39 


135-47 


% 


802-51 


385-21 




13-262 


16-876 




110-60 


140-83 


% 


309-59 


394-22 


% 


14-766 


18-802 


% 


114-89 


146-80 








^ 


16-361 


20-838 


% 


119-27 


151-88 


11 


316-76 


403-33 


^ 


18-038 


22-969 


% 


123-73 


157-65 


% 


323-99 


412-65 


% 


19-797 


26-208 








Ya 


331-31 


421-88 


% 


21-637 


27-662 


7 


128-27 


163 '33 


% 


338-71 


431-30 








% 


132-89 


169-22 


Yi 


346-20 


440-83 


3 


23-660 


30-000 


Va 


137-60 


175-21 




353-76 


450-47 


% 


25-664 


32-652 


% 


142-98 


181-80 


% 


361-41 


460-21 




27-660 


35-208 


% 


147-25 


187-50 


% 


369-14 


470-05 


% 


29-818 


37-969 


% 


162-20 


193-80 








^ 


32-067 


40-833 


% 


157-23 


200-21 


12 


376-95 


480-00 


^ 


34-399 


43-802 


% 


162-34 


206-72 









For larger sizes take weight of bar of half the diameter or side and 
multiply it by four. 
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Table XCII.— Table of the Weig:ht of Roiind and Square 
Bar Steel in lbs. per Lineal Foot 



Dia. 

OP 

Side. 


Weight in lbs. 


Dia. 

or 

Side. 


Weight in lbs. 


Dia. 

OP 

Side. 


Weight in lbs. 


Bound. 


Square. 


Bound. 


Square. 


Bound. 


Square. 


% 


•042 


•053 


394 


35-090 


44-678 


7% 


165-60 


210-85 


Vie 


•094 


-120 


% 


37-552 


47-813 










•167 


-213 


% 


40-097 


61-053. 


8 


170^90 


217-60 


%e 


•261 


•332 








% 


176^29 


226-25 




•375 


•478 


4 


42-726 


54-400 




181 ^75 


231-41 


7l6 


•511 


•651 


V% 


45^438 


57-853 


% 


187-80 


238-48 


% 


•667 


-850 




48-233 


61-413 


% 


192-93 


245-65 


•/!• 


•845 


1-076 


% 


51-112 


65-078 


% 


198-65 


262-93 


% 


1-043 


1^328 


^ 


54-075 


68-850 


% 


204-45 


260-31 


"/i« 


1-262 


1^607 


% 


57-121 


72-728 


% 


210-33 


267-80 


% 


1-502 


1-913 


% 


60-260 


76-713 








^Vie 


1^762 


2-245 


% 


63-463 


80-803 


9 


216-30 


275-40 


% 


2-044 


2-603 








% 


222-36 


283-10 


'Vie 


2-347 


2-988 


5 


66-759 


85^000 




228-48 


290-91 








v% 


70-139 


89^303 


% 


234-70 


298-88 


1 


2^670 


3-400 




73-602 


93^713 


% 


241-00 


806-85 


Vs 


3-380 


4-303 


% 


77-148 


98-229 


% 


248-38 


314-98 


v^ 


4-172 


5-313 


% 


80-778 


102-85 


% 


253-85 


823-21 


% 


5-049 


6-428 


% 


84-492 


107-58 


% 


260-40 


331-55 


^ 


6-008 


7-650 


% 


88-288 


112-41 








% 


7-051 


8-978 


Vs 


92-169 


117-35 


10 


267-04 


340-00 


% 


8-178 


10-413 








H 


273-75 


348-55 


y% 


9-388 


11-953 


6 


96-133 


122^40 




280-65 


357-21 








% 


100-18 


127-56 


% 


287-44 


366-98 


2 


10-681 


13-600 


34 


104-31 


132-81 


% 


294-41 


374-85 


% 


12-058 


15-353 


% 


108-52 


138-18 


% 


301-46 


383-83 


^ 


13-519 


17-213 




112-82 


143-65 


% 


308-59 


392-91 


% 


15-062 


19^178 


% 


117-20 


149-23 


% 


315-81 


402-10 


% 


16-690 


21^250 


% 


121-67 


154^91 










18-400 


23^428 


% 


126-22 


160-70 


11 


323-11 


411-40 


% 


20-195 


25^718 








% 


330-50 


420-80 


?^ 


22-072 


28-103 


7 


130-85 


166 •eo 




337-97 


430-31 








% 


135-56 


172-60 


% 


345-52 


439-93 


3 


24-033 


30^600 


V^ 


140-36 


178-71 


% 


358-15 


449-65 


% 


26-078 


33-203 


% 


145-24 


184-93 


% 


360-87 


469-48 




28-206 


35-913 


^ 


150-21 


191^25 


% 


368-68 


469-41 


% 


30-417 


38-728 


% 


155-26 


197-68 


% 


376-56 


479-45 


% 


32^712 


41-650 


% 


160-89 


204-21 


12 


384-68 


489^60 



For larger sizes take weight of bar of half the diameter or side and 
multiply it by four. 
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1^1 


.^?^«^*«««^^,^*^« 


s 

■g 

1 


.9 


v-lp-lrHfHrHrHrHrHfH 




2gS5:S§3SSSiSSg§g?S 


i!5 


g?ssgs??s?asfe§sss 


• 




s« 


?ss?g?asgss§^g8g§ 

<N 00 00 <* MJ Id «0 «> «s. 00 00 0» O O rH rH <N 
rl rl iH tH r-l 


• 

fH 


g?5!$?sg?g:s§s^ss§s 

o^c<^oo•^'*^Olo«o»^•oDa>o»o»6c>*H 

i-< r1 rH 


;^ 
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r-l0409eOOO^^IOlO««t^t^t^<X>^0» 


;*! 


1-t (M « « 00 eo ^ '* lO »o lo i « A. h*^* «ao 


• 


5g2gS§§g§s:S5:gSgSg 


^ 


Sg?2gS?35e§§§8SSSS 

fHr-ir-ioic4C4eoeoeo^^<^io»oibib^ 


• 


SggS3§?gS?3?SS?:5§§S 

rHiHr-lr-lG4e4Ci04eOeOCOeO^^'««^M3 


;:i^ 


SS8§fegp8gK^2gSS§S; 

,Hr-(i-lf-li-lW(N«(NC^OOWOOWOT'^ 


|i 


II 


;^::f;;s^ ;^;:f;s^ ^;^s^ -jt;:^^^ 

i-lp-lr-ir-IC4C4C4(NOOeOCOCO'W^<^^lO 
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i 

.s 

I 

I 

I 

H 

o 

ll 
I 



•3 

> 

u 

•s 



ll 


1 


^-P;St ^;:ffS^ ^::f;st ;:^;:f!2^ 


a 

s 

CQ 

g 

c 

1 
1 
g 




0»00»QOkOOiOOkOO>OOlOOkOO 


• 
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n 
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^ 


(^lo^oo4llbu^^^«^«ooooa>oOrHC4C4 

r-l i-< »H r-l rH 


• 


S§g^S§555g8S?:S§2S§ 

r-l rH iH 


:^ 


cocoo»<NkOooi-i<^aOr-i'<«t^oeocco»eo 
O4c4ooe0'^4t4lo>ooo^«^«ooa»a»oo 


• 


•-ia»C^»OeOOOO(O^C40»t««»OOOr-IOO(D 
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;^ 
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Table XCV.— TaUe of the Weight of Iron Angle-Bars 
in lbs. per Lineal Foot 





ndcknMi In tneOaa* of an inch. 


Me 


% 


•x. 


X 


Vi. 

4*10 
4*47 
4*83 
5*20 
6*66 
6*92 
6-29 
6*66 
7*02 
7*38 
775 
8-11 
8*48 
8*84 
9*21 
9*67 
9-93 
10*30 
10*66 


5-88 

6*25 

6*67 

7*08 

7*50 

7*92 

8-33 

875 

9*17 

9-58 

10*00 

10-42 

10*83 

11*26 

11-67 

12*08 

12*60 

12*92 

18-88 


Vi. 


% 


"/!• 


% 


^M. 


2% 

2% 

8 

3^ 

3K 

3% 

4 

4% 

5 

534 

ss 

8% 
9 

9% 
9% 
10 


1-46 
1-60 
1-76 
1-91 
2-07 
2-23 
2-38 
2-64 
2-70 
2-86 


1-88 
208 
2-29 
2-50 
2-71 
2-92 
8 18 
8-38 
3*54 
376 
8-96 
4-17 
4*88 

... 


2*28 
2-64 
2-80 
8-06 
8-32 
8*68 
8-84 
4*10 
4*86 
4*62 
4*88 
6*14 
6*40 
5*66 
5*92 
6-18 


2*66 
2-97 
3*28 
3*59 
3*91 
4*22 
4*53 
4*84 
6*16 
5*47 
0-78 
609 
6*41 
6-72 
7*03 
7*84 
7*66 
7*97 
8*28 


7*85 

8*32 

8-79 

9*26 

978 

10*20 

10*66 

11*13 

11-60 

12*07 

12*64 

18*01 

13*48 

13*95 

14*44 

14*88 

15*86 

15-82 

16*29 


10*16 
10-68 
11*20 
11*72 
12*24 
12*76 
13-28 
13*80 
14*32 
14*84 
15-36 
15-89 
16*41 
16*98 
17*45 
17*97 
18-49 
19*01 
19-63 


12 
13 
18 
14 
15 
16 
16 
16 
17 
17 
18 
19 
19 
20 
20 
21 


76 
•82 
-89 
•46 
•04 
•61 
•18 
•76 
•88 
•90 
•48 
05 
62 
•20 
77 
•84 


15 
16 
16 
17 
18 
18 
19 
20 
20 
21 
21 
22 
23 


63 
•25 
•88 
•50 
13 
76 
•38 
00 
•68 
•26 
•88 
•60 
•18 


IS 
1{ 
2C 
2C 
21 
25 
2S 
2£ 
24 
24 


J*79 
>*47 

m 

)*82 
-60 
1*17 
J -85 
^63 
1*21 
t*88 
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able XCVI.— Table of the Weight of Steel Angle-Bars 
in lbs. per Lineal Foot 



1-47 
1-63 
1-79 
1-95 
2-11 
2-27 
2-43 
2-59 
2-75 
2-91 



Thickness in fractions of an inch. 



1-91 
2-12 
2*84 
2-66 
2-76 
2-97 
8-19 
3-40 
3-61 
3-82 
4-04 
4-26 
4-46 



Vie 



2-32 
2-59 
2-86 
3 12 
8*39 
3-65 
8*92 
4-18 
4*45 
4-71 
4*98 
5*25 
5-51 
5-78 
6-04 
6-31 



271 
3-03 
8-35 
3-67 
3-98 
4-30 
4*62 
4-94 
6-26 
5-58 
6-90 
6-22 
6-58 
6-85 
7-17 
7-49 
7-81 
8-13 
8-45 



Vi. 



4-18 
4-56 
4-93 
5-30 
6-67 
6-04 
6-41 
6-79 
7-16 
7-63 
7-90 
8-27 
8-65 
9 
9-39 
9-76 
10-13 
10-51 
10-88 



% 



5-95 

6-38 

6-80 

7-23 

7-65 

8-08 

8-60 

8-93 

9-35 

9-78 

20 

10-83 

11-05 

11-48 

11-90 

12-33 

12-75 

13-18 

13-60 



0210 



•/i« 



8-01 

8-49 

8-96 

9-44 

9-92 

10-40 

10-88 

11-86 

11-83 

12-31 

12-79 

13-27 

18-75 

14-22 

14-70 

15 18 

15-66 

16-14 

16-61 



10-36 
10-89 
11-42 
11-95 
12-48 
13-02 
18-55 
14-08 
14-61 
15-14 
15-67 
16-20 
16-73 
17-27 
17-80 
18-83 
18-86 
19-89 
19-92 



% 



18 00 
13-59 
14-17 
14-76 
16-34 
15-92 
16*51 
17-09 
17-68 
18-26 
18-85 
19-43 
20-01 
20-60 
21-18 
21-77 



15-94 
16-58 
17-21 
17*85 
18-49 
19*13 



21-04 

21-68 

22-81 

22' 

28-5925-S8I 



S-9524 



19 
19 
20*55 



19-7621-24 
20-4021-98 
22-62 
28-81 

24-00 
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Table XCVII.-Whitworfh Gas Threads. 



1 DIameterof 




DUmeterat 


Number of 


1 pipe anUde). 


tbresdi. 


bottom of thread. 


threadi per inch. 


1 J* 


•8826 


•3367 


28 


. 


•6180 


•4606 


19 


! 


•6668 


•6889 


19 




•8267 


•7342 


14 


1 


•9022 


•8107 


14 


1 


1-041 


•9495 


14 


i ■ ■ 


1-189 


1-0976 


14 


t 1 

1 * 


1-809 


1*1926 


11 


l" 


1-492 


1-8756 


11 


1; 


1^66 


1-6886 


11 


1| 


1-746 


1^6285 


11 




1-8826 


1^766 


11 




2-021 


1-9045 


11 


1: ; 


2047 


1-9305 


11 




2-246 


2-1286 


11 


2 


2-347 


2^2305 


11 


2} 


2-6876 


2-471 


11 


2^ 


3-0013 


2-8848 


11 


2} 


8-247 


8-1306 


11 


^ 


8-486 


S-8686 


11 


3 


3-6986 


8-682 


11 


H 


3-912 


8-7966 


11 


8i 


4-1226 


4-009 


11 


4 


4-839 


4-2226 


11 



Table XCVIIL— Weight of Brass Condenser Tubes. 



L.S.G. 


14 1 16 


16 


17 


18 


19 


20 
-036 


Inches. 


•080 1 -072 


-064 


•056 


-048 


•040 


Millimetres. 


2 032 11-829 


1-626 


1-422 


1-219 


1-016 


•914 


Ext, Diameter. 


Weight of a Lineal Foot in poimds. 


Ins. 1 mm. 


1 * • 


15-9 


•51 


•46 


•42 


•37 


•32 


•27 


•25 


i 


190 


•62 


•67 


•61 


•45 


•89 


-33 


•80 


i 


22-2 


-74 


-67 


•60 


•63 


•46 


-89 


-35 


1 


26-4: 


•86 j ^78 


-70 


•62 


•63 


•45 


•40 



NeU.— The above weights are for tubes containing 70 per cent, copper. 
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Table XCIX.— Weights of 







TmCKNESS 




II 


LSG. 


lU 15 


14 


13 


12 


11 


10 a 


7 


ft E 


tuchee. 


-034 D72 


om 


im -104 


iia 


*12a| -144] 100 


m 


-198, n^ 


MlIUiQbtiiCii 
r^ual 


16261-S2& 


2 032 


2 337 2 e42 


2-^0 S-aal 3 668 4'064'4-470 

1 i J 


*«r»» 








L.8.G. 






laa. 


nnd 


WEIQHT FEE 




14 


0771 


0-0270700'0771 


0-S7&0-Q7fl 


lfl74 


lira 


1-291 


1-407 


1519 


H>^! !:■ 




1* u 


oi(7a 


0'71l!o 794 0-875 


OOObII'112 


l'S2fl 


l-33(i 


147a 


16U 


1-749 


1 ■t:« 




U 13 


iiiti 




o-Bseo-nsfj 


I UW 1-248 


1-377 


1504 


liJOS 


1-820 


li>79 


2-12:. 




1 n 


ii>a(i 




O-Sij^ilDgS 


l-23fll-3a4 


1-529 


1-671 


18fiS2'a3Gi2-21C 


2^37fl :i-^ 




la 


1-350 




1-0771190 


1-3^1'fi:^ 


I'liBl 


l-83t»2 04,^2 24& 


2 440 


2tt302^ 




n 


la 


1-477 




1.71 


1294 


1-477 


l-fifiO 


1-SS3 


2-0(fI 


2-ss3a4a&! 


2-e7i 


2-S8l'»-i;^ 




n 


15 


1-507 




1^&5 


1-309 


l'fi97 


17aS 


im& 


2174 


2-4es[2>664 


2-9D1 


31:^3 414 


H 13 


ITIS 




laSH 


1,^14^1-713 


1020!2-137 


2-342 


24102*873 


3-131 


3-384 S^ifr? 


2 12 


s-oes 


1 


i-tioaissa 


a 065 -^-288 


aW92-799 3t>S3 


3^ 


3^53'i>i.!i 




24 


12 


2 201 






1713 


1950 


2-201 2-440 


i'm7t'm 


3^02 


B-ms 


S-8i04^iT 




Ki 


12 


2-337 




1-ais 


2 070 


2 337 -i w^ a-s44.3'ne 

2 473 2 744,3 012^3-364 


a^fiflS 


i'^I^I 


ai 


11 


S'744 




i 


a'i9fl 


a-Tii 


ii)sa 


24 


11 


2-e9ti 






2-320j2'60y 2 8063'17B[S'«63 


3021 


4-283 


4-a40]B^ 




2t 


ii 1 


•d(Hh 






2-440;2-745 


3-04S|3-347'3 741 


4 130 


4-514 


4^5 357 




P 


n 


3 200 








2'5«] 2'S3^ 


3af^)'3':]14a9304 339 


4-744 


fi-14S*1KJl 




11 
11 


a;tra 

3M3 








2 (1«1 131318 3 afil l3-e*2'4 lia;4'f>49'4 W4 

2 -302' 3 154 3 503 3 850 4 307 4 -758^5 205 


5-64eflia 




3 


10 


inn 




3 2903555 


4 -017 4 -495^4 -gSR 5 435 


5*807.8-407 




3 


10 


4-1S5 










3 4203 807 


4'1S5 1'6e4;5-177 6-665 


fi-US.e-Tt4 




3 


10 


4'!I5t> 


■ 


3&(Ki'a'aMi 


4-35^4873 5 387 5^896 


e-iOfk^^ 




3^ 


10 


4-1120 


ITiis table of weiffhta 3 e9S|4-lll 


4-520 5 -081 K -59(16-126 


emi-m 




at 


lU 


i-mi 


Al: BTttvity of Imn at 3 Siifi 4 -^03 4 tS97 B S4fl SaOele'SBT 


^-mk'^rt 




3! 
3^ 


10 




7-603. A c tn nl wei ghta 3 071 4 414 14 865 5 438 6 015:6 -5a7 
nm^ dlirtir sUght ly . 4 mi b -i in B m, B 224081 7 


7 164 7«&l 
7 405 B 1S2 
7 66684111 


4 


l> 


£■815 


4 71S1&1W)5-§1S(J434 7CH€ 


I 


or other metals- 




Steel, .. multiply by 1-012. 




Brass, „ 1-080. 








Co 


pper, 












11 


85. 
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Iron Boiler Tubes. 



OF EBON. 



5 883 6-401 



•276 



7-010 



•800 



7-020 



•126 



8-176 



-187 



4-726 



i" 



•260 



6-360 



•818 



7*087 



A" 



•876 , 437 



0-626 11112 



•600 



12-700 



FOOT IK POUNDS. 



1-866 1-974 



2 

2-478 



1602 



304 
2-684 



2777 2-963 
3-081 8-2»3 



2-092 
2-464 
2-816 
3176 
8*638 



2-199 
2-692 
2-984 
8-877 
3-770 



1-146 
1-300 
1-473 
1636 
1-800 



1-605 
1^841 
2-086 
2-332 
2-677 



1-963 
2-291 
2-618 
2-946 
3-272 



2-260 
2-669 
3-068 
3-477 
3-886 



2-464 
2-946 
3-436 
8-927 
4-418 



2-677 
3-160 
3-728 
4-296 
4-868 



2-618 
3-272 
3-927 
4-681 



3-3848-623 
3-6888-963 
3-9924-283 
4-2954-613 



3-809 
4-260 
4-621 
4-988 



4-163 
4-666 
4-948 
6-341 



1-963 
2-127 
2-291 
2-464 



3-068 
8-313 
3-669 



8-600 
3-927 
4-254 
4-681 



4*296 
4*704 
5-118 
5-522 



4-909 
5-400 
5-890 
6-381 



5-440 
6-018 
6-586 
7169 



5-890 
6-645 
7-199 
7-854 



4-599 4-943 



4-903 
5-206 
5-610 



6-273 
6*602 
5-932 



5-2066*602 



6-344 
5-705 
6-067 
6-428 



5733 
6126 
6-519 
6-911 



2-618 
2-782 
2-915 
3109 



3-804 
4-060 
4-295 
4-541 



4-900 
5-236 
5-563 
6-890 



6-931 
6-340 
6-749 
7169 



6-872 
7-363 
7-854 
8-346 



7-731 
8-304 
8-877 
9-449 



8-608 
9163 
9-817 
10-472 



5-814 
6-U7 
6-421 



6-U7 6-502 
6-922 



6-725 7*252 



6-789 
7-150 
7-512 
7-873 



7-804 
7-697 
8-090 
8-482 



3272 
3-436 
3-600 
3763 



4-786 
5-081 
5-277 
5-622 



6-218 
6-645 
6-872 
7-200 



7-568 
7-977 
8-386 
8795 



8-836 
9-327 
0-818 
10-808 



10-022 
10-596 
11-167 
11-740 



11-126 
11-781 
12-435 
13-090 



7028 7*682 
7-8327-911 
7-636 8-241 
7-9408-571 



8-234 
8-596 
8-957 
9-318 



8-875 
9-268 
9-660 
10-063 



3-927 
4-091 
4-254 
4-418 



5-768 
6013 
6-259 
6-504 



7-627 
7-864 
8-181 
8-508 



0-204 
9-618 
10-022 
10*431 



10-799 
11-290 
11-781 
12-272 



12-313 
12-885 
13-458 
14-081 



13-744 
14-399 
15-053 
15-708 



8-243 
8-547 
8-851 



8-901 
9-231 
9-561 



164 9-891 



9-679 
10-041 
10-402 
10763 



10-446 
10-838 
11-231 
11-624 



4-581 
4745 
4-908 
5-072 



6-760 
6-995 
7-240 
7-486 



8-836 
9-163 
9-490 
9-817 



10-840 
11-249 
11-668 
12-067 



12-763 
13-264 
13745 
14-236 



14-604 
15 176 
15749 
16-322 



16-362 
17 017 
17-671 
18-326 
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Table C-Wdghts of Seamless 


L. S. G. 


4/0 


8/0 


2/0 





1 


2 


3 


4 


1 


Inches 


•400 


-372 


•848 


•324 
8*229 


*800 
7*620 


•276 


*252 


-232 
6-898 


•212 


liillimetres . 


10-160 


9-449 


8-839 


7-010[6-401 


6-88 


5! 

■j 


Internal 
Diameter. 


Weight of a lineal 


Inohes 


mm. 


k 

1% 

2 

IS 

2% 
8 

3)4 

3H 
8Sy4 

4% 
5 

5% 
6 

?" 

7% 
8 

8H 
9 

10 

J.K 

12 
18H 


19-0 

26-4 

817 

88*1 

44-4 

50-8 

57 1 

68-6 

69*8 

76-2 

82-5 

88-9 

96*2 

101-6 

114-8 

127 

139-7 

162-4 

166-1 

177-8 

190-6 

208-2 

216-9 

228-6 

241-3 

254-0 

266-7 

279-4 

2921 

804-8 

817-6 

330-2 

342-9 

866-6 


88-23 
40-65 
48-07 
46-49 
47-91 
60-83 
62-76 
66-16 
67-58 
60-00 
62-42 
64-84 
67-26 
69-68 


... 

30-'98 
38-18 
36-43 
37-68 
39-93 
42-18 
44*43 
46-68 
48-93 
51-18 
63*43 
55*68 
67-93 
60-18 
62-43 
64*68 


26-72 
28-83 
30-93 
33-04 
35-14 
37*25 
39-35 
41-46 
43-66 
45*67 
47-77 
49-88 
61*98 
64*09 
66*19 
68*30 
60*40 


20-87 
22-88 
24-79 
26-75 
28-71 
80*67 
82-63 
34*59 
36*65 
88-61 
40-47 
42*43 
44*39 
46*35 
48*31 
50*26 
62*22 
54-18 
56*14 


17-42 
19-28 
21-06 
22-86 
24-68 
26-49 
28-31 
80-12 
31-94 
33-75 
35*67 
87-38 
39-20 
41-01 
42-83 
44*64 
46-46 
48-27 
60*08 
61*90 


13-44 
14-28 
15-96 
17-62 
19-29 
20-95 
22-62 
24-29 
25-96 
27-63 
29*30 
30-97 
32*64 
34-31 
35-98 
87-66 
39-82 
40-99 
42-66 
44*83 
46*00 
47*67 


11*44 
12-20 
12-96 
14*49 
16*01 
17-64 
19-06 
20-68 
22-11 
23*63 
2616 
26-68 
28-21 
29-78 
31-26 
32-78 
34-30 
85-83 
87-86 
38-88 
40-40 
41-92 
43-46 


9-07 

9-77 

10-47 

11 -la 
11-88 
13-28 
14-68 
16-09 
17-49 
18-89 
20-80 
21-70 
JJ8-10 
24-61 
25-91 
27-81 
28-72 
30-12 
31-62 
82-93 
84-83 
85-78 
87*14 
88*64 
89-94 


7-6( 
B'2i 
8-8« 
9*62 
10-lfl 
10-80 
12-08 
18-S7 
14-65 
15-93 
17-22 
18-60 
19-78 
21-06 
22-34 
23-63 
24-91 
26-19 
27-47 
28-76 
80-04 
31-82 
82-60 
88-88 
85-17 
8«-46| 


) 

(' 



^^. . ' Mandril drawn Brazed Tabes trelgb tbo 

ordinaiy Brazed Ck)pper Tubes weigh rather more than Seamless Tubes, the 
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Copper Tubes. 



•192 



4-877 



•176 



4-470 



•160 



4-064 



•144 



8*668 



3-251 



11 



•116 



3*946 



12 



•104 



2-642 



13 



•092 



14 



•080 



15 



-072 



2 -877 2 082 1*829 



1-626 



foot m pounds. 



6-67 

6-25 

6-83 

7-41 

7-99 

8-68 

9*16 

9*74 

10*90 

12*06 

13-22 

14-88 

16*64 

16*70 

17-87 

19-08 

20-19 

21-85 

22*61 

23-67 

{ 24-83 

I 26*00 

I 27-16 

' 28*82 

29-48 

I 30*64 

81-80 

82-96 



4*68 

6-16 

6-70 

6^28 

6-76 

7*29 

7-83 

8*86 

8-89 

9*96 

11 02 

12*08 

13-16 

14-21 

15-28 

16*34 

17-41 

18*47 

19-54 

20*60 

21*67 

2278 

23-80 

24-86 

25-92 

26-99 

28*05 

29*12 

80-18 



8-21 

3*70 

4-18 

4-66 

6-16 

6*68 

612 

6*60 

7-08 

7-57 

8-06 

9*02 

9*99 

10-96 

11-92 

12*89 

13*86 

14*83 

16*79 

16*76 

17-78 

18^70 

19*67 

20*63 

21*60 

22-67 

23*64 

24*50 

25-47 

26-44 

27^41 



2^48 

2-86 

8*80 

8-78 

4-17 

4*61 

5-04 

6-48 

6*91 

6*36 

6^78 

7^22 

8 09 

8*96 

9-83 

10^70 

11-67 

12*44 

18*32 

14*19 

15*06 

15-93 

16-80 

17*67 

18*64 

19-41 

20-28 

21-16 

22^03 

22-90 

28-77 

24-64 



1-36 

1-76 

2-18 

2*62 

2-91 

8-29 

8*68 

4*07 

4*46 

4-84 

6-28 

5*62 

6*00 

6*89 

7-17 

7*94 

8-71 

9*49 

10-26 

11-04 

11-81 

12*69 

13*36 

14-18 

14*91 

15-68 

16*46 

17-23 

18-01 

18-78 

19-65 

20-38 

21-10 

21-88 



uma M BeamW ISibes .' 

difference yvyiag with the thickneis, 



1-21 

1-67 

1-92 

2^27 

2-62 

2*97 

8*82 

3-67 

4 02 

4-37 

4*72 

6*07 

6*42 

6-78 

6*48 

718 

7*88 

8*58 

9*28 

9*99 

10*69 

11*89 

12-09 

12-79 

13-49 

14*20 

14*90 

16*60 

16*80 

17-00 

17-70 

18-41 

19*11 

19-81 



1-07 

1-39 

170 

2*02 

2-88 

2*65 

2-96 

8*28 

8-59 

8-90 

4-22 

4-58 

4-85 

6-16 

5*79 

6*42 

7 05 

7*68 

8*81 

8*94 

9*57 

10-20 

10-82 

11-46 

12*08 

1271 

13*84 

18*97 

14*60 

15-23 

16*86 

16*49 



94 

1-21 

1-49 

1-77 

2-06 

2-83 

2*61 

2^88 

3*16 

3-44 

3*72 

4-00 

4*28 

4-56 

5-11 

6-67 

6-22 

6-78 

7-34 

7-89 

8*46 

9*01 

9-66 

10-12 

10-68 

11-23 

11-79 

12-34 

12*90 

13*46 



-80 
1-04 
1-29 
1-68 
1-77 
2-01 
2-25 
2*50 
2*74 
2-98 
8*22 
8*46 
8*71 
8-96 
4*43 
4 '92 
6*40 
6*88 
6*37 
6*85 
7*34 
7 

8*30 
8*79 
9*27 
976 
10*24 
10-72 



72 

•98 
1-15 
1-37 
1*69 
1-80 
2-02 
2-24 
2*46 
2-68 
2*89 
8-11 
8*38 
8-55 
3*98 
4-42 
4-85 
6-29 
5-72 
6-16 
6^60 
7 03 
7-47 
7*90 
8*34 
8*77 



diameter, «na 9lm ot ioiat. 
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WEIGHTS OF UATERIALS. 



Table CI.— Weight of Lead Pipes. 



Thiok- 
nessin 
inches. 






Weight in pounds per foot run. 


2" 


2%" 
97 


2%" 

10-6 
13-6 


2%" 


8" 


3%" 


3%" 


3%" 


4"^ 


^W 


5"! 


•1 

■i 


8-7 


11-6 
14-8 


12-6 
16-0 


13-6 
17-2 
21-0 


14-5 
18-4 
22-6 


16-5 
19-7 
23-9 


16-4 
20-9 
26-4 


18-4 20-3 
23-8 257 
28-3 31'2 
33-4 868 



Lead pipes of these sizes and weights are usually manu&ctared 
in 10 ft. lengths. 

Table CII.— Weight of Sheet Metals. 



Thickness 
L.S.G. 


Weight in pounds per square foot. 


Steel. 


Iron. 


Copper. 


Brass. 


Lead. 


Zinc. 


7/0 


20-40 


20-00 


22-83 


21-98 


29-65 


18-72 


6/0 


18-93 


18-66 


21-19 


20-39 


27-61 


17-38 


5/0 


17-63 


17-28 


19-73 


18-99 


26-62 


1618 


4)0 


16-32 


16-00 


18-27 


17-68 


23-72 


14-98 


3/0 


1518 


14-88 


16-99 


16-36 


22-06 


13-93 


2/0 


14-20 


13-92 


15-89 


16-30 


20-64 


13-03 





13-22 


12-96 


14-80 


14-24 


19-21 


12-13 


1 


12-24 


12-00 


13-70 


13-19 


17-79 


11-23 


2 


11-26 


11-04 


12-60 


12-13 


16-37 


10-34 


3 


10-28 


10-08 


11-51 


11-08 


14-94 


9-44 


4 


9-47 


9-28 


10-69 


10-20 


13-76 


8-69 


5 


8-65 


8-48 


9-68 


9-32 


12-67 


7-94 


6 


7-83 


7-68 


.8-77 


8-44 


11-38 


7-19 1 


7 


7-18 


7-04 


8-04 


7-74 


10-44 


6-59 


8 


6-63 


6-40 


7-31 


7-03 


9-49 


5-99 


9 


6-88 


6-76 


6-58 


6-33 


8-64 


6-39 


10 


5-22 


5-12 


5-84 


5-63 


7-69 


4-79 


11 


4-73 


4-64 


5-30 ' 


6-10 


6-88 


4-34 


12 - 


4-24 


4-16 


4-76 


4-57 


6-17 


3-89 


13 


3-76 


3-68 


4-20 


4-04 


6-46 


3-44 


14 


3-26 


3-20 


3-65 


8-52 


4-74 


3-00 


16 


2-94 


2-88 


3-29 


3-16 


4-27 


2-70 


16 


2-61 


2-56 


2-92 


2-81 


3-79 


2-40 


17 


2-28 


2-24 


2-56 


2-46 


8-32 


2-10 


18 


1-96 


1-92 


2-19 


2-11 


2-86 


1-80 


19 


1-63 


1-60 


1-83 


1-76 


2-87 


1-50 


20 


1-47 


1-44 


1-64 


1-58 


2-13 


1-35 


21 


1-31 


1-28 


1-46 


1-41 


1-90 


1-20 


22 


1-14 


1-12 


1-28 


1-28 


1-66 


105 
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Table cm.— Weights of Engines and Boilers, &c 



Deiciipttoii of ICaehincry, Ae. 







il 



(a) Ordlnarj merchant ■teuner with triple engtnes't 
and ordinary cylindrical boUen working at I 
IfiO or 100 lbs. preaaore, with chimney draught f 
only ; cylinders about 7 to 1 ; tingle screw. . J 

(fr) Piaaaenger or mail boat with machinery similar 
to above, but larger, and worked with chim- 
ney dranght+ *6 to '76 inches of air pressure ; 
oyiinderB, say 6-75 to 1 ; (1) single screw, and 
(2) twin screw. . . , 

(e) Battle ship or flrst-dass cruiser, with vertical' 
triple engines and ordinary cylindrical 
boilers working at 150 lbs. pressure, with 
chimney draught+'6 Inches, and 2 inches of 
air pressure for N.D. and F.D. respectively ; 
cylinders, 6 to 1 ; twin screws. 

(d) Torpedo gunboat with vertical triple engines' 
and loco tvpe boilers working at 150 lbs. 
pressure, with about 2 '5 inches of air pres- 
sure ; cylinders, 5 to 1 : twin screw. . . j 
(«) Paddle steamer with osculating jet condensing^ 
engines and rectangular or box boilers work- 
ing at 80 to 35 lbs. pressure, with slight 
assisted draught; (1) (nrlinders fore and aft, 
(2) cylinders nde by side. 

(f) Paddle steamer with compound oscillating' 

engines, suriace condensers, and ordinary 
cyundrical boilers, working at about 100 lbs. 
pressure, with slight assisted draught: 
cylinders, 8*25 to 1. ..... 

(g) Paddle steamer with compound diagonal 

engines, suriace condensers, and ordinary 
cylindrical boilers, working at about 120 lbs. 
pressure, with slight assisted draught; 
cylinders, 8'25 or 8'5 to 1 ; (1) cylinders one 
on top of other, (2) cylinders side by side. . 

(h) Vertical compound twu-crank ensues and 
ordinary cylindrical boilers working at 80 to 
90 lbs. pressure, as formerly fitted in 
merchant steamers. . . . .^ 

(£) VertiGal compound single-crank engines and ' 
cylindrical boilers working at 80 to 90 lbs. 
pressure, as formerly fitted in some merchant 
steamers. . . / 

(0 Twin-screw compound engines, as fitted in' 
some fast cargo vessels ; ordinary cylindrical 
boilen ; 80 Ibe. pressure. 



a) 

(2) 



N.D. 
F.D. 



285 

215 
280 

115 
85 



I 



(1) 


140 


(2) 


100 




206 


a) 


170 


(2) 


185 




220 




270 




220 



200 
200 



160 
110 



60 



170 
170 



176 



180 
180 



240 



245 



/4fl0 
\-206 



416 
186 
480 
192 



{; 



/2e6 

1-118 
/ 196 
V087 



( 96 
V048 



(810 
t'138 
(330 
1-147 

( 880 
{ -170 



360 
-156 



•168 



460 
•205 



515 



/ 460 
\-201 



21 



322 WEIGHTS OF MATBBIALS. 

Between (c) and (d) come various classes of Naval vessels (second 
and third-class cruisers, kc), the machinery for which varies from 
160 to 200 lbs. per I.H.P. 

The machinery of torpedo boats weighs about 30 to 86 lbs. per 
I.H.P. in the engine room, and about 46 to 60 lbs. in the boiler room, 
or say '036 ton per I.H.P. for both engine and boiler room. When 
water tube boilers are used, the boiler room weights are reduced to 
about 33 lbs. per I.H.P. 

The machineiy of Naval pinnaces weighs from 9o to 116 lbs., or say 
•046 ton per I.H.P., and that of Naval cutters from 160 to 190 lbs., or 
say *076 ton per I.H.P., — the smaller sizes weighing rather heavier 
tlian the larger. 

The weights of paddle endues depend to some extent on the service 
for which the vessel is mtendea, since for cross channel work 
the wheels will be much heavier than for comparatively smooth water 
work. 



CENTRE OF GRAVITY OF MACHINERY, &c 

"When the common centre of gravity of a number of detached bodies, 
— such as the various portions of the machinery of a steamship,— is 
required, it is obtained as follows : — 

z. Longitudinal position of centre of gravity.— On the longitad- 
inal section drawing of the machinery, near where it is supposed the 
longitudinal position of the centre of gravity will be, draw a vertical 
line, to represent the edge of a plane cutting the ship transversely. 
Then, take the weight of each portion of the machinery, and multipJj 
it by the distance of its centre of gravity from this' transverse place ; 
distinguish the resulting quantities, or moments, by the signs + and 
- , according as they happen to be derived from the right or left side 
of the plane ; and add together all the plus quantities, and all the minus 
quantities. Then obtain the resultant, by subtracting the less 
quantity from the greater, and place before it the sign of the greater. 

If this resultant moment be now divided by the totoZ weight of the 
whole system of bodies, on both sides of the plane, the quotient will be 
the distance of the longitudinal position of the centre of gravity from 
the plane ; and it will lie to the right, or to the left, of the plane, 
according as the sign of the quotient is plus or minus. 

2. Transverse position of centre of gravity.— Assume another 
plane, perpendicular to the first, and represent it by a line on the 
transverse section drawings, and then proceed exactly as described 
above. 

3. Vertical position of centre of gravity.— Assume a third plan^' 
perpendicular to both those previously used (pawdlel to the water-line, 
that is), represent it by a line or lines as before, and again calcnlste 
position as described above. 
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MISCELLANEOUS TABLES. 
Table CI V.^Sniface of Tubes in square feet per foot run. 



I>iam. 

in 

' inches. 





J6 


% 


% 


Vi 


% 


% 


.7%\ 


i \ 

2 
3 

4 
5 


•2618 

•6236 

7864 

1^0472 

1^3090 


•0327 
•2946 
•6663 
•8181 
1^0799 
1-8417 


•0664 
•3272 
•6890 
•8608 
1^1126 
1^3744 


•0982 
•3600 
•6218 
•8836 
M464 
1^4072 


•1309 
•3927 
•6646 
•9168 
1^1781 
1^4399 


•1636 
•4264 
•6872 
•9490 
1^2108 
r4726 


•1963 
•4681 
•7200 
•9817 
1^2436 
r6063 


•2291 
•4909 
•7627 

roi46 

1^2763 
1^6381 



Bulk and Weight &c. of Water. 
Table CV.— Fresh Water. 



Cubic inches. 


Cable feei 


Pounds. 


Gallons. 


Ton. 


1 




•036 






27-7 


•016 


10 


•1 


... 


277 


•160 


100 


1-0 


•00446 


1728 


1-0 


62^4 


6-24 


•0279 


... 


36-9 


2240 


224 


1^0 



Table CVa.— Salt Water. 



Cubic inches. 


Cubic feet 


Pounds. 


Gallons. 


Ton. 


1 




•037 






27 


•0166 


1^0 


•097 




277 


•160 


10-26 


1-0 


•00468 


1728 


1-0 


64-0 


6^24 


•0286 


... 


36-0 


2240 


218-3 


1-0 



The above figures are very nearly correct for 62° F. : for bulk of water 
at other temperatures see page 269. 
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Table C VI.— Boiling: Pomts && of Sea Water. 



FropQrtionofsaltinthe 
water. 


Temperature, Fahrenheit, 
at which it boils. 


Specific Gravity. 


1/ 


213 •2' 


1029 


%9 


214-4'* 


1-058 


V 


215-6° 


1-087 


%9 


2167" 


1-116 


6/ 


2179'' 


1-145 


%9 


219-1" 


1-174 


r^j 


220-8° 


1-203 


%9 


221-6° 


1-282 


%9 


222-7° 


1-261 


10/ 


223-8° 


1-290 


11/ 


226-0° 


1-819 I 


"/83 


226-1° 


1-348 



Table CVII.— Litre and Cubic Metre. 



litres. 



Gallons. 



Cubic Metre. 



Cubic feet. 



1 

4-543 
1000 



1-0 
220 



-001 
•00454 
10 



•0353 
•1605 
35-816 
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Table CVIII.—Pressore of Water due to TAiioue Heads. 





Prewnrein 




FretBurein 




Freisnrein 1 


Depth 
of 




Dejth 




T" 


1 














Water. 


Ponndi 


Klloii. 


Water. 


Pounds 


Kilos. 


Water. 


Pounds 


Kilos. 




per 


per 




per 


per 




per 


per 




Bq.iiL 


•Q. c/m. 




sq. in. 


sq. c/m. 




aq. in. 


aq. o/m. 


lin. 


•08608 


-002537 


27ft 


ir691 


•82196 


64ft 


27-712 


1-94886 


2 


•07216 


•006074 


28 


12^124 


•85240 


66 


28-145 


1-97880 


3 


•10824 


•007611 


29 


12-557 


-88284 


66 


28-678 


2-00926 


4 


•14432 


-010148 


80 


12-990 


-91829 


67 


29-011 


2-03969 


5 


•18040 


•012685 


81 


18-428 


•94873 


68 


29-444 


2-07018 


6 


•21648 


•016222 


82 


18-856 


•97417 


69 


29-877 


2-10057 


7 


-26256 


-017769 


38 


14-289 


1-00462 


70 


80-310 


2^18102 


8 


•28864 


•020296 


34 


14-722 


1-08406 


71 


30^743 


2-16146 


9 


•32472 


•022833 


86 


16-165 


1-06450 


72 


8ri76 


2-19190 


10 


•36080 


•026870 


86 


16-588 


1^09495 


73 


31^609 


2-22286 


11 


•89688 


•027907 


37 


16^021 


1 •12589 


74 


32^042 


2^25279 


1ft. 


•433 


-030443 


38 


16-454 


1 •16583 


76 


32-476 


228328 


2 


•866 


•060886 


89 


16-887 


1^18627 


76 


82-908 


2^81868 


3 


1-299 


•091329 


40 


17-320 


1^21773 


77 


83-341 


2^34412 


4 


1-732 


•121773 


41 


17-768 


1^24817 


78 


88-774 


2^37466 


5 


2^165 


•152216 


42 


18-186 


1^27861 


79 


84-207 


2-40600 


6 


2^598 


•182669 


43 


18^619 


1^80906 


80 


34-640 


2-43646 


7 


8-081 


•218102 


44 


19-062 


1 •38950 


81 


86-078 


2-46589 


8 


8-464 


•248546 


46 


19-485 


1^36994 


82 


35-606 


2^49638 


9 


3^897 


•273989 


46 


19-918 


1-40039 


83 


35-939 


2^52678 


10 


4^330 


•30443 


47 


20-351 


1-48083 


84 


86-872 


2^56722 


11 


4-763 


•33487 


48 


20-784 


1-46127 


85 


36-805 


2^58766 


12 


5-196 


•36681 


49 


21-217 


1-49171 


86 


87-288 


2-61811 


13 


6-629 


•89676 


60 


21-650 


1-52216 


87 


87-671 


2^64866 


14 


6 062 


•42620 


61 


22-083 


1-56260 


88 


38^104 


2^67899 


15 


6-495 


•45664 


62 


22-516 


1-58304 


89 


38-587 


2-70943 


16 


6-928 


•48709 


53 


22-949 


1-61349 


90 


38-970 


2-73989 


17 


7-361 


•51758 


54 


23-382 


1 •64398 


91 


89-408 


2-77033 


18 


7-794 


-64797 


65 


23-816 


1-67487 


92 


39-836 


2-80077 


19 


8-227 


•57841 


56 


24-248 


1-70482 


93 


40-269 


2*88122 


20 


8-660 


•60886 


67 


24-681 


1-78526 


94 


40-702 


2-86166 


21 


9-093 


•68930 


58 


25-114 


1*76570 


96 


41-136 


2-89210 


22 


9-626 


•66974 


59 


25-557 


1-79614 


96 


41-568 


2-92255 


23 


9-969 


•70019 


60 


25-980 


1-82659 


97 


42 001 


2-95299 


24 


10^892 


•73063 


61 


26-413 


1-85703 


98 


42-434 


2-98343 


25 


10-826 


•76107 


62 


26-846 


1-88747 


99 


42-867 


8-01887 


26 


11^268 


•79162 


63 


27-279 


1-91792 


100 


43-300 


3*04432 



Tbe above Table is calculated for fresb water at a temperature of 62* F. 



326 . MISCELLANEOUS TABLES.. 

Table CIX. —Comparison of Thermometers. 



Fahren- 


Centi. 


Reaa. 


Fahreu. 


Centi. 


Reau- 


Fahren- Gentl. 


Bean. 


heit 
dega. 


grade 
degs. 


mur 
degs. 


hett 
degs. 


S^' 


mur 
degs. 


heit 
degs. 


C^ 


mur 
degs. 


-461-20 


-274-00 


-219-62 


+ 


_ 


__ 


+ 


+ 


+ 


+ 


- 


- 


21-20 


6- 


4-80144-60 


7- 


5-60 


0- 


17-78 


14-22 


22- 


6-56 


4-44|45- 


7-23 


5-77 


0-50 


17-50 


14- 


23- 


5- 


4- 


45-50 


7-60 


6- 


1- 


17-23 


13-77 


24- 


4-45 


3 -65146- 


7-78 


6-22 


1-40 


17- 


18-60 


24-80 


4- 


3-20|46-40 


8- 


6-40 


2- 


16-67 


13-83 


25- 


3-89 


3-11 


47- 


8-34 


6-66 


2-76 


16-25 


13- 


25-25 


3-75 


8- 


47-75 


8-75 


7- 


3- 


16-11 


12-88 


26- 


3-34 


2-6648* 


8-89 


7-11 


8-20 


16- 


12-80 


26-60 


3- 


2-4«48-20 


9- 


7-20 


4- 


15-56 


12-44 


27- 


2-78 


2-22 


49- 


9-46 


7-65 


5- 


15- 


12- 


27-50 


2-50 


2- 


50- 


10- 


8- 


6- 


14-46 


11-55 


28- 


2-23 


1-77 


51- 


10-56 


8-44 


6-80 


14- 


11-20 


28-40 


2- 


1-60 


51-80 


11- 


8-80 


7- 


18-89 


11-11 


29- 


1-67 


1-33 


52- 


11-11 


8-88 


7-25 


13-76 


11- 


29-75 


1-26 


1- 


52-26 


11-26 


9- 


8- 


18-34 


10-66 


30- 


1-11 


0-88 


53- 


11-67 


9-33 


8-60 


13- 


10-40 


30-20 


1- 


0-80 


53-60 


12- 


9-60 


9- 


12-78 


10-22 


31- 


0-56 


0-44 


54- 


12-23 


9-77 


9-50 


12-60 


10- 


32- 


0- 


0- 


54-50 


12-50 


10- 


10- 


12-28 


9-77 


+ 33- 


+ 0-56 


+ 0-44 


56- 


12-78 


10-22 


10-40 


12- 


9-60 


83-80 


1- 


0-80 


56-40 


IS- 


10-40 


li- 


11-67 


9-33 


34- 


1-11 


0-88 


56- 


IS -34 


10-66 


lies 


11-26 


9- 


34-25 


1-25 


1- 


56-76 


13-75 


11- 


12- 


11-11 


8-88 


35- 


1-67 


1-83 


57- 


13-89 


11-11 


12-20 


11- 


8-80 


35-60 


2- 


1-60 


57-20 


14- 


11-20 


13- 


10-66 


8-44 


86- 


2-23 


1-77 


68- 


14-45 


11-55 


14- 


10- 


8- 


36-50 


2-50 


2- 


59- 


15- 


12- 


16- 


9-45 


7-55 


37- 


2-78 


2-22 


60- 


16-56 


12-44 


16-80 


9- 


7-20 


87-40 


3- 


2-40 


60-80 


16- 


12-80 


16- 


8-89 


7-11 


38- 


3-34 


2-66 


61- 


16-11 


12-88 


16-25 


8-75 


7- 


88-75 


3-75 


3- 


61-25 


16-25 


13- 


17- 


8-34 


6-66 


39- 


3-89 


8-11 


62- 


16-67 


18-33 


17-60 


8- 


6-40 


39-20 


4- 


3-20 


62-60 


17- 


13-60 


18- 


7-78 


6-22 


40- 


4-45 


3-55 


63- 


17-23 


18-77 


18-50 


7-50 


6- 


41- 


6- 


4- 


63-50 


17-50 


14- 


19- 


7-28 


6-77 


42-. 


5-56 


4-44 


64- 


17-78 


14-22 


19-40 


7- 


6-60 


42-80 


6- 


4-80 


84-40 


18- 


14-40 


20- 


6-67 


6-33 


43- 


6-11 


4-88 


66- 


18-34 


14-66 


20-76 


6-26 


6- 


43-25 


6-25 


6- 


66-76 


18-75 


15- 


?1- 


6-11 


4-88 


44- 


6-67 


6-88 


66- 


18-89 


16-11 
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Table ClZ-^Comparisoii of Thermometers— «m^»nued 



''alizen- 


Centi. 


B4MM1. 


Vkkhreii. 


Centi. 


Aeaa- 


Fahren- 


Oentt. 


Kean. 


belt 
dega. 


s:sr 


mar 
degs. 


heit 
degik 


ssr 


mar 
degs. 


heit 
dega. 


^. 


mar 
degs. 


h 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


66-20 


19- 


16-20 


89-60 


32- 


25-60 


111-20 


44- 


35-20 


ey- 


19-46 


16-65 


90- 


32-23 


25-77 


112- 


44-45 


35-65 


es- 


20- 


16- 


90-50 


32-50 


26- 


113- 


45- 


36- 


69- 


20-66 


16-44 


91- 


32-78 


26-22 


114- 


46-56 


36-44 


69-80 


21- 


16-80 


91-40 


33- 


26-40 


114-80 


46- 


36-80 


70- 


21-11 


16-88 


92- 


33-34 


26-66 


115- 


46-11 


36-88 


70-26 


21-26 


17- 


92-75 


33-75 


27- 


115-26 


46-25 


37- 


71- 


21-67 


17-33 


93- 


33-89 


27-11 


116- 


46-67 


37-83 


71-60 


22- 


17-60 


93*20 


34- 


27-20 


116-60 


47- 


37-60 


72- 


22-23 


17-77 


94- 


34-45 


27-55 


117* 


47-23 


37-77 


72-60 


22-60 


18- 


96- 


35- 


28- 


117-50 


47-60 


38- 


73- 


22-78 


18-22 


96- 


36-66 


28-44 


118- 


47-78 


38-22 


73-40 


23- 


18-40 


96-80 


36- 


28-80 


118-40 


48- 


38-40 


74- 


23-84 


18-66 


97- 


36-11 


28-88 


119- 


48-34 


38-66 


74-76 


2375 


19- 


97-26 


36-26 


29* 


119-75 


48-75 


89- 


76- 


23-89 


1911 


98* 


36-67 


29-33 


120* 


48-89 


39-11 


75-20 


24- 


19-20 


98-60 


37* 


29-60 


120-20 


49- 


89-20 


76- 


24-45 


19-65 


99- 


87-23 


29-77 


121- 


49-46 


39-55 


77- 


25- 


20- 


99-60 


37-60 


30- 


122- 


50- 


40- 


78- 


26-56 


20*44 


100- 


37-78 


30-22 


123- 


50-56 


40-44 


78-80 


26- 


20-80 


100-40 


38- 


30-40 


123-80 


51- 


40-80 


79- 


2611 


20-88 


101- 


38-34 


80-66 


124- 


51-11 


40-88 


79-25 


26-25 


21- 


101-76 


38-75 


31- 


124-25 


51-25 


41- 


80- 


26-67 


21-33 


102- 


38-89 


31-11 


125- 


51-67 


41-33 


80-60 


27- 


21-60 


102-20 


39- 


31-20 


126-60 


52- 


41-60 


81- 


27-23 


21-77 


103- 


39-45 


31-56 


126* 


52-28 


41-77 


81-50 


27-60 


22- 


104- 


40- 


32- 


126-50 


52-50 


42- 


82- 


27-78 


22-22 


105- 


40-56 


32-44 


127* 


52-78 


42-22 


82-40 


28- 


22-40 


105-80 


41- 


32*80 


127-40 


53- 


42-40 


83- 


28-34 


22-66 


106- 


41-11 


32-88 


128- 


53-34 


42-66 


83-75 


28-75 


,23- 


106-26 


41-25 


33- 


128-76 


63-75 


43- 


84- 


28-89 


-23-11 


107- 


41-67 


33-33 


129- 


63-89 


43-11 


84-20 


29- 


23-20 


107-60 


42- 


33-60 


129-20 


54- 


43-20 


86- 


29-45 


23-56 


108- 


42-23 


33-77 


130- 


54*45 


43-55 


86- 


SO- 


24- 


108-50 


42-50 


34- 


181- 


65- 


44- 


87- 


SO -56 


24-44 


109- 


42-78 


34-22 


132- 


65-66 


44-44 


87-80 


31- 


24-80 


109-40 


43- 


34-40 


132-80 


56- 


44-80 


88- 


31-11 


24-88 


110- 


43-34 


34-66 


133- 


56-11 


44-88 


88-26 


31-25 


25- 


110-76 


43-75 


35- 


138-25 


56-25 


45- 


89- 


31-67 


25-33 


111- 


43-89 


35-11 


134- 


56-67 


46-33 
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Table CIX.— Comparison of Thermometers— eon^ntcA;. 



Fahren- 


CenU- 


Aean- 


Fahren- 


'Centl- 


Aean- 


Fallen- 


Cent!. 


Bean- 


heit 


grade 


mnr 


heit 


grade 


mnr 


heit 


^ 


mnr 


degik 


degB. 


degs. 


degB. 


degs. 


degs. 


degs. 


degs. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


134-60 


67- 


45-60 


156-20 


69- ' 


65-20 


179-60 


82- 


65*60 


186- 


67-23 


46-77 


157- 


69-45 


56-55 


180- 


82-28 


65*77 


135-50 


67-50 


46- 


158- 


70- 


56- 


180-50 


82-50 


66* 


186- 


57-78 


46-22 


159- 


70-56 


56-44 


181- 


82-78 


66-22 


136-40 


58- 


46-40 


169-80 


71- 


56-80 


181-40 


83- 


66*40 


187- 


68-84 


46-66 


160- 


71-11 


56-88 


182- 


83*34 


66-66 


187-76 


68-75 


47- 


160-25 


71-25 


57- 


182-75 


83*75 


67' 


138- 


58-89 


47-11 


161- 


71-67 


57-33 


183- 


88*89 


67*11 


138-20 


59- 


47-20 


161-60 


72- 


57-60 


183-20 


84* 


67-20 


139- 


69-45 


47-66 


162- 


72-23 


57-77 


184- 


84*46 


67-66 


140- 


60- 


48- 


162-50 


72-60 


58- 


186- 


86* 


68- 


141- 


60-66 


48-44 


168- 


72-78 


58-22 


186- 


85-66 


68-44 


141-80 


61- 


48-80 


163-40 


73- 


58-40 


186*80 


86- 


68-80 


142- 


61-11 


48-88 


164- 


73-34 


58-66 


187- 


86-11 


68-88 


142-26 


61-25 


49- 


164-75 


73-75 


69- 


187-25 


86*25 


69* 


143- 


61-67 


49-83 


165- 


73-89 


59-11 


188- 


86*67 


69-38 


143-60 


62- 


49-60 


165-20 


74- 


59-20 


188-60 


87* 


69-60 


144- 


62-23 


49-77 


166- 


74-45 


69-66 


189* 


87*23 


69-77 


144-50 


62-50 


50- 


167- 


76- 


60- 


189-50 


87-50 


70- 


146- 


62-78 


50-22 


168- 


75-56 


60*44 


190- 


87*78 


70-22 


145-40 


63- 


50-40 


168-80 


76- 


60-80 


190-40 


88- 


70-40 


146- 


63-84 


50-66 


169- 


76-11 


60-88 


191- 


88-34 


70-66 


146-75 


63-75 


51- 


169-25 


76-25 


61- 


191-75 


88-75 


71* 


147- 


63-89 


51-11 


170- 


76-67 


61-83 


192- 


88-89 


71-11 


147-20 


64- 


61-20 


170-60 


77- 


61-60 


192-20 


89* 


71*20 


148- 


64-46 


51 -55 


171- 


77-23 


61-77 


193- 


89-45 


71*66 


149- 


65- 


62- 


171-60 


77 '50 


62- 


194- 


90- 


72- 


160- 


65-56 


52-44 


172- 


77-78 


62-22 


196* 


90-66 


72-44 


160-80 


66- 


62-80 


172-40 


78- 


62-40 


195-80 


91- 


72-80 


161- 


66-11 


52-88 


173- 


78-34 


62-66 


196- 


91-11 


72-88 


161-25 


66-25 


53- 


173-76 


78-76 


68- 


196-26 


91-26 


73- 


152- 


66-67 


53 -33 


174- 


78-89 


6311 


197- 


91-67 


73-38 


152-60 


67- 


53-60 


174-20 


79- 


63-20 


197-60 


92* 


73-60 


168- 


67-28 


53-77 


176- 


79-45 


63-55 


198* 


92-23 


73-77 


153-50 


67-50 


54- 


176- 


SO- 


64- 


198-50 


92-50 


74- 


154- 


67-78 


54-22 


177- 


SO -56 


64-44 


199- 


9278 


74-22 


164-40 


68- 


54-40 


177-80 


81- 


64-80 


199-40 


93* 


74*40 


155- 


68-34 


54-66 


178- 


81-11 


64-88 


200- 


93-34 


74-66 


155-75 


68-75 


56- 


178-25 


81-25 


66- 


200-75 


93*76 


76- 


156- 


68-89 


55-11 


179- 


81-67 


66-33 


201- 


93*89 


76-11 
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Table ClZ-^Comparison of Thtrmomt ^i t n ~-eonHnusd, 



Faliren- 


Centi. 


Bmq. 


Fabren- 


Centl. 


Bmh. 


Fahren* 


Centl. 


Bean. 


bett 


e 


mar 


belt 


grade 


mtir 


heit 


grade 


mur 


degB. 


degs. 


degs. 


degs. 


degs. 


dega. 


degs. 


degs. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


201-20 


94- 


76-20 


224-60 


107- 


86-60 


246-20 


119- 


95-20 


202- 


94-46 


75-66 


225- . 


107-23 


85-77 


247- 


119-45 


95-55 


203- 


96- 


76- 


225-50 


107-50 


86- 


248- 


120- 


96- 


204- 


96-66 


76-44 


226- 


107-78 


86-22 


249- 


120-56 


96-44 


204-80 


96- 


76-80 


226-40 


108- 


86-40 


249-80 


121- 


96-80 


205- 


96-11 


76-88 


227- 


108-84 


86-66 


260- 


121-11 


96-88 


205-26 


96-26 


77- 


227-75 


108-75 


87- 


250-25 


121-25 


97- 


206- 


96-67 


77-33 


228- 


108-89 


87-11 


261- 


121-67 


97-38 


206-60 


97- 


77-60 


228-20 


109- 


87-20 


261-60 


122- 


97-60 


207- 


97-23 


77-77 


229- 


109-45 


87-55 


252- 


122-23 


97-77 


207-50 


97-60 


78- 


230- 


110- 


88- 


252-50 


122-50 


98- 


208- 


97-78 


78-22 


231- 


110-66 


88-44 


253- 


122-78 


98-22 


208-40 


98- 


78-40 


281-80 


111- 


88-80 


258-40 


123- 


98-40 


209- 


98-34 


78-66 


232- 


111-11 


88-88 


264- 


128-84 


98-66 


209-76 


98-75 


79- 


232-25 


111-25 


89- 


254-75 


128-75 


99- 


210- 


98-89 


79-11 


233- 


111-67 


89-88 


255- 


123-89 


99-11 


210-20 


99- 


79-20 


233-60 


112- 


89-60 


266-20 


124- 


99-20 


211- 


99-45 


79-65 


234- 


112-23 


89-77 


256- 


124-45 


99-66 


212- 


100- 


80- 


234-50 


112-50 


90- 


257- 


126- 


100- 


213- 


100-66 


80-44 


235- 


112-78 


90-22 


258- 


125-56 


100-44 


218-80 


101- 


80-80 


235-40 


113- 


90-40 


258-80 


126- 


100-80 


214- 


101-11 


80-88 


236- 


113-84 


90-66 


259- 


126-11 


100-88 


214-26 


101-25 


81' 


286-75 


113-75 


91- 


259-25 


126-26 


101- 


215- 


101-67 


81-38 


287- 


113-89 


91-11 


260- 


126-67 


101-88 


215-60 


102- 


81-60 


237-20 


114- 


91-20 


260-60 


127- 


101-60 


216- 


102-23 


81-77 


238- 


114-45 


91-56 


261- 


127-23 


101-77 


216-60 


102-50 


82- 


239- 


115- 


92- 


261-60 


127-50 


102- 


217- 


102-78 


82-22 


240- 


115-66 


92-44 


262- 


127-78 


102-22 


217-40 


103- 


82-40 


240-80 


116- 


92-80 


262-40 


128- 


102-40 


218- 


103-34 


82-66 


241' 


116-11 


92-88 


263- 


128-34 


102-66 


218-75 


103-75 


88- 


241-26 


116-25 


98- 


263-75 


128-75 


108- 


219- 


103-89 


83-11 


242- 


116-67 


98-38 


264- 


128-89 


108-11 


219-20 


104- 


83-20 


242-60 


117- 


93-60 


264-20 


129- 


103-20 


220- 


104-46 


88-55 


243- 


117-28 


93-77 


265- 


129-45 


103-65 


221- 


105- 


84- 


243-50 


117-50 


94- 


266- 


130- 


104- 


222- 


106-56 


84*44 


244- 


117-78 


94-22 


267- 


180-26 


104-44 


222-80 


106- 


84-80 


244-40 


118- 


94-40 


267-80 


181- 


104-80 


223- 


106-11 


84-88 


245- 


118-84 


94-66 


268- 


181-11 


104-88 


223-26 


106-25 


85- 


246-76 


118-76 


96- 


268-25 


131-25 


105- 


224- 


106-67 


86-33 


246- 


118-89 


96-11 


269- 


131-67 


105-88 
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Table CIX.— Comparison of Thermometers— om^ua^. 



Fahren- 


Centi. 


Reau- 


Fahren- 


Centi- 


Bean- 


Fahren- 


Centi- 


Reau- 


heit 


grade 


mur 


heit 


grade 
degs. 


mur 


heit 


grade 


mur 


degs. 


dega. 


degs. 


degs. 

+ 


degs. 


degs. 


degs. 


dega. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


269-60 


132- 


106-60 


291-20 


144- 


115-20 


314-60 


167- 


126-60 


270- 


132-23 


105-77 


292- 


144-45 


115-56 


315- 


167-23 


126-77 


270-60 


132-60 


106- 


293- 


145- 


116- 


315-60 


157-60 


126- 


271- 


132-78 


106-22 


294- 


145-56 


116-44 


316- 


157-78 


126-22 


271-40 


133- 


106-40 


294-80 


146- 


116-80 


316-40 


158- 


126-40 


272- 


133-34 


106-66 


296- 


146-11 


116-88 


317- 


158-34 


126-66 


272-76 


183-76 


107- 


296-26 


146-25 


117- 


317-75 


158-75 


127- 


273- 


133-89 


107-11 


296- 


146-67 


117-33 


318- 


158-89 


127-11 


273-20 


134- 


107-20 


296-60 


147- 


117-60 


318-20 


169- 


127-20 


274- 


134-46 


107-66 


297- 


147-23 


117-77 


819- 


169-45 


127-55 


276- 


136- 


108- 


297-60 


147-60 


118- 


320- 


160- 


128- 


276- 


185-66 


108-44 


298- 


147-78 


118-22 


821- 


160-56 


128-44 


276-80 


136- 


108-80 


298-40 


148- 


118-40 


821-80 


161- 


128-80 


277- 


136-11 


108-88 


299* 


148-84 


118-66 


322- 


161-11 


128-88 


277-26 


136-26 


109- 


299-75 


148-75 


119- 


322-26 


161-26 


129- 


278- 


136-67 


109-33 


300- 


148-89 


119-11 


328- 


161-67 


129-33 


278-60 


137- 


109-60 


300-20 


149- 


119-20 


323-60 


162- 


129-60 


279- 


137-23 


109-77 


301- 


149-45 


119-55 


324- 


162-28 


129-77 


279-60 


137-60 


110- 


302- 


160- 


120- 


324-50 


162-60 


130- 


280- 


137-78 


110-22 


803- 


150-56 


120-44 


325- 


162-78 


180-22 


280-40 


138- 


110-40 


303-80 


161- 


120-80 


825-40 


163- 


130-40 


281- 


138-34 


110-66 


304* 


161-11 


120-88 


326- 


163-34 


139-66 


281-76 


138-75 


111- 


304-25 


161-25 


121- 


326-76 


163-75 


131- 


282- 


138-89 


111-11 


305- 


161-67 


121-33 


827- 


163-89 


131-11 


282-20 


139- 


111-20 


306-60 


162- 


121-60 


327-20 


164- 


131-20 


283- 


139-46 


111-66 


306- 


152-23 


121-77 


328- 


164-46 


131-66 


284- 


140- 


112- 


306-50 


152-50 


122- 


329- 


166- 


132- 


286- 


140-56 


112-44 


307- 


152-78 


122-22 


330- 


166-66 


132-44 


285-80 


141- 


112-80 


307-40 


153- 


122-40 


330-80 


166- 


132-80 


286- 


141-11 


112-88 


308- 


153-34 


122-66 


331- 


166-11 


132-88 


286-26 


141-26 


113- 


308-76 


163-75 


123- 


331-26 


166-26 


138- 


287- 


141-67 


113-33 


309- 


163-89 


123-11 


332- 


166-67 


133-33 


287-60 


142- 


113-60 


309-20 


164- 


123-20 


332-60 


167- 


183-60 


288- 


142-23 


113-77 


310- 


154-45 


123-55 


333- 


167-23 


138-77 


288-60 


142-60 


114- 


811- 


156- 


124- 


333-50 


167-50 


134- 


289- 


142-78 


114-22 


312- 


165-56 


124-44 


334- 


167-78 


134-22 


289-40 


143- 


114-40 


312-80 


166- 


124-80 


334-40 


168- 


134-40 


290- 


143-34 


114-66 


313- 


166-11 


124-88 


336- 


168-34 


134-66 


290-76 


143-75 


116- 


313-25 


166-25 


125- 


336-76 


168-75 


135- 


?9V 


143-89 


116-11 


814- 


156-67 


125-33 


836- 


168-89 


13611 
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Table ClZ-^Comparison of Thermometers— ctm^tnt^. 



Fahren- 
belt 
degs. 



Centl- 



+ 

336*20 

337 

338 

339 

339-80 

340 

340-25 

341 

341-60 

342- 

342*50 

343 

343*40 

344 

344*76 

345 

345-20 

346 

347 

348 

348*80 

349 

349-25 

350 

350-60 

351 

351-60 

352 

852-40 

353 

358-75 

354 

354*20 

855' 

856 

357' 

357-80 

868" 

358-26 

869' 



+ 

169 

169-46 

170 

170-56 

171- 

171-11 

171-25 

171-67 

172 

172-23 

172-60 

172-78 

173 

178-34 

173-76 

173-89 

174 

174-46 

175 

175-56 

176 

176-11 

176-25 

176-67 

177 

177-23 

177-60 

177-78 

178 

178-34 

178-76 

178-89 

179" 

179-46 

180 

180-56 

181- 

181-11 

181-25 

181-67 



nrar 
degs. 



+ 

135-20 

136-56 

186 

186-44 

186-80 

186-88 

187 

187-83 

187-60 

187-77 

188 



Fahren- 
heit 
degs. 



138-22 866 



188-40 

188-66 

189- 

189-11 

189-20 

139-66 

140- 

140-44 

140-80 

140-88 

141- 

141-88 

141-60 

141-77 

142- 

142-22 

142-40 

142-66 

143- 

143-11 

143*20 

143*66 

144- 

144*44 

144-80 

144-88 

146 



+ 

359-60 

360 

360-60 

361 

861-40 

362 

862-76 

863 

363-20 

864 

866 



146 -38 881 



366-80 

367 

867-26 

868 

868-60 

869- 

869-60 

370 

370-40 

371 

871-76 

872 

372-20 

373 

374 

375 

376-80 

876 

376-26 

877 

377-60 

878 

378-60 

879 

379-40 

380 

380-75 



Oentl- 
gnde 
degs. 



Reau- 
mur 
degs. 



+ 

182 

182*28 

182-50 

182-78 

183 

188-84 

188-76 

188-89 

184 

184-45 

185- 

185-56 

186 

186-11 

186-26 

186-67 

187' 

187-23 

187-50 

187-78 

188 

188-84 

188-76 

188-89 

189 

189-46 

190 

190-56 

191 

191-11 

191-26 

191-67 

192 

192-23 

192-60 

192-78 

198 

193-84 

193-76 

193-89 



146-60 381-20 194 



145-77 
146 



146-22 384 
146-40 884-80 
146-66 385 



147 

147-11 

147-20 

147-65 

148 

148-44 

148-80 

148-88 

149 

149-88 

149-60 

149-77 

150 

160-22 



Fahren- 
heit 
degs. 



882- 
883- 



886-25 
386 



886-60 197 



160-40 398-80 



160-66 

161 

151-11 



161-20 895-60 
161-66 396 



162- 



162-44 397 



152-80 

162-88 

168 

163-33 

163-60 

168-77 

164 

164-22 

154*40 

154-66 

156 

166-11 



887 

887-60 

888 

888-40 

889 

889-76 

390 

390-20 

891 

892 

893 



894 

394-26 
396 



Centi- 
grade 
degs. 



194-46 

196 

195-56 

196 

196-11 

196-26 

196-67 



396-50 



397-40 

398 

398-76 

399 

399-20 

400 

401 

402 

402-80 

403 

403-26 

404 



197-28 

197-50 

197-78 

198- 

198-34 

198-76 

198-89 

199 

199-46 

200 

200-66 

201 

201-11 

201-26 

201-67 

202 

202-23 

202-60 

202-78 

203 

203-84 

203-75 

203-89 

204 

204-45 

205 

206-66 

206- 

206-11 

206-26 

206-67 



+ 

166-20 

166-55 

156 

166-44 

156-80 

166-88 

167 

167-83 

167-60 

157-77 

168' 

158-22 

158-40 

158-66 

169- 

169-11 

159-20 

169-66 

160- 

160-44 

160-80 

160-88 

161- 

161-88 

161-60 

161-77 

162- 

162-22 

162*40 

162-66 

163- 

163-11 

168-20 

168-66 

164- 

164*44 

164-80 

164-88 

166- 

166-88 . 
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Table C IX.— Comparison ofThermometers — conHmied. 



Fahren 


Centi. 


Beau- 


Fahren- 


Centi- 


Reau- 


Fahren- 


Centi- 


Beau- 


heit 
dega. 


grade 
degs. 


mur 
degs. 

+ 


heit 
dega. 


grade 
degs. 


mur 
degs. 


heit 
degs. 


'^ 


mur 
degs. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


t^x- 


404*60 


207- 


166-60 


422- 


216-67 


173-83 


439*26 


2-26-26 


406- 


207-23 


166-77 


422-60 


217- 


173-60 


440* 


226-67 


181*88 


406-60 


207-50 


166- 


423- 


217-28 


173*77 


440-60 


227- 


181*60 


406- 


208-75 


166-22 


423-60 


217-50 


174- 


441* 


227*23 


lSl-77 


406-40 


208- 


166-40 


424- 


217*78 


174-22 


441*60 


227-50 


182* 


407- 


208-84 


166-66 


424-40 


218- 


174-40 


442- 


227-78 


182*22 


40776 


208-75 


167- 


425- 


218-84 


174-66 


442*40 


228- 


182*40 


408- 


208-89 


167-11 


426-76 


218-76 


175- 


443- 


228-34 


182*66 


408*20 


209- 


167-20 


426- 


218-89 


175-11 


443-76 


228-75 


^183- 


409- 


209-45 


167-66 


426-20 


219- 


175-20 


444* 


228-89 


183*11 


410- 


210- 


168- 


427- 


219-46 


175-56 


444*20 


229- 


183*20 


411- 


210-56 


168-44 


428- 


220- 


176- 


445- 


229-45 


183*65 


411-80 


211- 


168-80 


429- 


220-56 


176-44 


446* 


230- 


184* 


412- 


211-11 


168-88 


429-80 


221- 


176-80 


447* 


230-66 


184-44 


412-26 


211-25 


169- 


430- 


221-11 


176-88 


447*80 


231- 


184-80 


413- 


211-67 


169*33 


430-26 


221-26 


177- 


448- 


281-11 


184-88 


413-60 


212- 


169-60 


431* 


221-67 


177-33 


448-26 


231*25 


186- 


414- 


212-23 


169-77 


431-60 


222- 


177-60 


449- 


231-67 


186-38 


414-50 


212-50 


170- 


482- 


222-28 


177-77 


449*60 


282- 


186-60 


416- 


212-78 


170-22 


432-60 


222-60 


178- 


450* 


232*23 


185-77 


415-40 


213- 


170-40 


483- 


222*78 


17a-22 


450-60 


232-50 


186- 


416- 


213-34 


170*66 


433-40 


223* 


178-40 


461- 


232-78 


186*22 


416-76 


213-75 


171* 


434- 


223-34 


178-66 


461-40 


233- 


186*40 


417- 


218-89 


171 11 


434-75 


223-76 


179- 


452- 


233-34 


186-66 


417-20 


214- 


171-20 


435- 


223-89 


179-11 


452-76 


233*75 


187- 


418- 


214-46 


171-65 


435-20 


224- 


179-20 


463- 


283-89 


18711 


419- 


216- 


172- 


436- 


224-46 


179-56 


453-20 


284* 


187-20 


420- 


215-56 


172-44 


437- 


225* 


180- 


464- 


234*46 


187-55 


420-80 


216- 


172-80 


438- 


225*66 


180-44 


465- 


236* 


188- 


421- 
421-25 


216-11 


172-88 


438-80 226- 1 


180-80 








216-26 


173- 439- 1 226-111 


180-88 
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Table ex.— Properties of Saturated Steam. 



Pi QMiii'Vi 

MaanAt- 
moapberie 
Praanre. 


Tampen- 
tvfin 
Fahrcn- 

heit 
Degreen 


gpedfle 
orBela- 

tlTa 
Tolnme 
of the 


or Weight 

oflCnbIc 

Foot of the 

Staaa. 


CnUe 

Feet of 

the Steam 

hperlb. 


Latent 
Heat of 
Evapora- 
ttonin 
Thermal 
Unite per 
lb. of the 
' Steam. 


Total Heat 
In Ther- 
mal Unite 
from 89* 
Fahrenheit 
per lb. of 
the Steam. 


Abaolnte 
PreMare 




IkiL 






lb. 








Iba. 


-14 


90-4 


28740 


•002170 


460-7 


1061-1 


1109-6 


•7 


-18 


120-8 


12480 


-004998 


200-1 


1030-3 


1118-6 


1-7 


-12 


187-6 


8080 


-007720 


129-6 


1018-3 


1123-9 


2-7 


-11 


149-8 


6009 


•01038 


96-32 


1009-7 


1127-6 


8-7 


-10 


169-7 


4799 


-01300 


76-92 


1002-8 


1130-7 


4-7 


-9 


167-9 


4003 


•01668 


64 17 


997-0 


1133 ^2 


6-7 


-8 


174-9 


8439 


•01814 


65-12 


992-1 


1136-3 


6-7 • 


-7 


181-1 


3010 


-02072 


48-25 


987-8 


1137-2 


7-7 


-6 


186-7 


2690 


•02319 


43 12 


983-9 


1188-9 


8-7 


-6 


191-8 


2428 


•02668 


38-93 


980-3 


1140-4 


9-7 


-4 


196-4 


2216 


•02817 


86-60 


977-1 


1141-9 


10-7 


-8 


200-7 


2036 


-03063 


32-64 


974-0 


1148-2 


11-7 


-2 


204-7 


1886 


•03307 


30-24 


971-2 


1144-4 


12-7 


-1 


208-6 


1765 


•03663 


28-14 


968-6 


1146-6 


18-7 




212-0 


1643 


-03797 


26-34 


966-1 


1146-6 


14-7 


1 


216-3 


1644 


-04039 


24-76 


963-8 


1147-6 


15-7 


2 


218-6 


1467 


•04280 


23-36 


961-5 


1148-6 


16-7 


8 


221-6 


1380 


-04621 


22-12 


959^4 


1149-6 


17-7 


4 


224-4 


1310 


-04761 


21-0 


967-3 


1150-4 


18^7 


5 


227-1 


1248 


•06000 


20-0 


955-4 


1151-2 


19 7 


6 


229-8 


1191 


-06238 


19-09 


953-6 


1162-0 


20-7 


7 


282-8 


1139 


•06475 


18-26 


961-8 


1152-8 


21-7 


8 


234-7 


1092 


-06712 


17-51 


950-1 


1163-5 


22-7 


9 


237-1 


1049 


-05949 


16-81 


948-4 


1154-8 


23-7 


10 


239-4 


1009 


-06184 


16-17 


946-7 


1165-0 


24-7 


11 


241-6 


971-8 


•06419 


16 •es 


945-2 


1155-6 


25-7 


12 


243-7 


937-6 


•06654 


15^03 


943-7 


1156^8 


26-7 


13 


245-8 


905-7 


•06888 


14-52 


942-2 


1156-9 


27-7 


14 


247-8 


876-0 


•07122 


14-04 


940-8 


1167-6 


28-7 


16 


249-7 


818-2 


•07355 


13-60 


939^4 


1158-1 


29-7 




261-6 


822-2 


•07687 


13-18 


938 1 


1168-7 


80;7 



r ^ 
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Table CX.— Properties of Saturated Steam—corUintiecUf 



Preiaore 

iSJh^om 
Mean At- 
mospheric 
Prewar*. 


Tempera- 
toreln 
Fahren- 
heit 

Degree!. 


Specific 
or Rela- 
tive 
Volmne 
of the 
Steam. 


Density 
orWeiffht 
of 1 Cubic 
Foot of the 

Steam. 


Cubic 

Feet of 

the Steam 

perlb. 


Latent 
Heat of 
Evapora- 
tion in 
Thermal 
Units per 
lb. of the 
Steam. 


Total Heat 
in Ther- 
mal Units 
from 83* 
Fahrenheit 
per lb. of 
the Steam. 


Abeolate 
FteBson! 

Square 
Inch. 


lbs. 






lb. 








lbs. 


17 


253*5 


797-8 


*07819 


12-79 


936-8 


1159-3 


817 


18 


255*3 


774-9 


•08060 


12*42 


935-6 


1169*8 


327 


19 


257*0 


753*2 


-08282 


12*07 


934*3 


1160*8 


337 


20 


258*7 


732*8 


•08513 


11*76 


933*1 


1160-9 


347 


21 


260*4 


713*5 


•08743 


11*44 


931*9 


1161*4 


367 


22 


262-0 


695-2 


•08973 


11*14 


930*7 


1161*9 


367 


23 


263*6 


677-9 


•09203 


10*87 


929-6 


1162-8 


377 


24 


265*2 


661-4 


•09438 


10*60 


928*4 


1162*8 


887 


26 


266*7 


645*7 


•09661 


10-85 


927*4 


1163*8 


897 


26 


268-2 


630-8 


•09890 


10*11 


926*3 


1163*8 


407 


27 


269*7 


616-6 


•1011 


9-883 


926-2 


1164-2 


417 


28 


271-1 


603-0 


•1034 


9-666 


924-3 


1164-6 


427 


29 


272*6 


590-0 


*1067 


9-458 


923-2 


1165-1 


487 


30 


273*9 


577-6 


*1080 


9-259 


922-8 


1165*6 


447 


31 


276*3 


565-7 


•1102 


9*068 


921-8 


1165-9 


457 


82 


276-7 


564-3 


•1125 


8*886 


920*3 


1166-8 


467 


33 


278-0 


643*4 


•1148 


8-710 


919*3 


11667 


477 


34 


279-3 


632*9 


•1170 


8-541 


918*4 


1167-1 


487 


35 


280-5 


622-8 


*1193 


8-380 


917*6 


1167*5 


497 


36 


281-8 


513*1 


•1215 


8*225 


916-6 


1167-9 


507 


37 


283*0 


503-8 


*1238 


8-076 


916-8 


1168-8 


617 


38 


284*2 


494*8 


*1260 


7*931 


914-9 


1168-6 


527 


39 


286*4 


486-1 


•1283 


7-792 


914-1 


1169*0 


637 


40 


286-6 


477 7 


•1305 


7-658 


913*2 


1169-4 


647 


41 


287-8 


469-7 


•1328 


7-529 


912*3 


1169*7 


557 


42 


288-9 


461-9 


•1350 


7-404 


911-6 


1170*1 


567 


43 


290-1 


454-4 


*1373 


7-288 


910-7 


1170*4 


677 


44 


291-2 


447-1 


•1395 


7*167 


909-9 


1170*8 


687 


45 


292-a 


440-0 


•1417 


7*054 


909*1 


1171*1 


597 


46 


293*4 


433-2 


*1440 


6*944 


908-3 


1171*4 


607 


47 


294-4 


426-6 


*1462 


6*839 


907-6 


1171*7 


617 
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Table GX— Properties of Saturated Steam—eorUtnued. 



Preamre 
per Square 
Inch from 
Mem At- 
mospheric 
Prewure. 


tare in 
Fahren- 

heit 
Dflgrees. 


Spedflc 
orRela- 

tlTe 
Volume 

of the 
Steam. 


Density 
or Weight 
of 1 Cubic 
Foot of the 

Steam. 


Cuble 

Feet of 

the Steam 

per lb. 


Latent 

Heat of 
Erapora* 

tion In 
Thermal 
Units per 
lb. of the 

Steam. 


Total Heat 
inlher- 
mal Units 
from 82* 
Fahrenheit 
per lb. of 
the Steam. 


Absolute 
Pressure 

per 
Square 
Inch. 


lbs. 






lb. 








lbs. 


48 


295-5 


420-2 


•1484 


6-736 


906-8 


1172 1 


62-7 


49 


296*5 


4141 


•1606 


6-636 


906-1 


1172-4 


63-7 


50 


297-5 


408-0 


•1629 


6-640 


906-4 


1172-7 


64-7 


51 


298-6 


402-2 


-1661 


6-446 


904-6 


1173-0 


66-7 


52 


299-6 


396-5 


•1673 


6 356 


903-9 


1173-3 


66-7 


63 


800-6 


391-0 


-1696 


6-267 


903-2 


1173-6 


67-7 


54 


801-5 


385-6 


-1617 


6-181 


902-5 


1173-9 


68-7 


65 


802-5 


380-4 


-1639 


6-098 


901-8 


1174-2 


69-7 


56 


303-5 


375-4 


•1661 


6-017 


901-1 


1174-6 


70-7 


57 


304-4 


370-4 


•1684 


6-938 


900-6 


1174-8 


71-7 


58 


305-3 


365-6 


-1706 


5-861 


899-8 


1176-1 


72-7 


59 


306-3 


361-0 


•1728 


6-786 


899-1 


1176-4 


73-7 


60 


307-2 


356-4 


•1760 


5-714 


898-6 


1176-6 


74-7 


61 


308-1 


362-0 


•1772 


5-643 


897-8 


1176-9 


76-7 


62 


309-0 


347-7 


-1794 


5-673 


897-2 


1176-2 


76-7 


63 


309-9 


343-5 


•1816 


6-606 


896-6 


1176-6 


77-7 


64 


310-8 


339-4 


•1838 


5-440 


896-9 


1176-7 


78-7 


66 


311-6 


336-4 


•1860 


5-376 


896-3 


1177-0 


79-7 


66 


1312-6 


331-6 


•1882 


5-313 


894-7 


1177-3 


80-7 


67 


313-3 


327-7 


•1904 


5-262 


894-1 


1177-6 


81-7 


68 


314-2 


323-9 


•1926 


5-192 


893-4 


1177-8 


82-7 


69 


316-0 


320-3 


•1947 


6-134 


892-9 


1178-0 


83-7 


70 


315-8 


316-7 


•1969 


5-077 


892-3 


1178-3 


84-7 


71 


3167 


318-3 


•1991 


5-021 


891-6 


1178-6 


86-7 


72 


317-5 


309-9 


-2013 


4-967 


891-1 


1178-8 


86-7 


73 


318-3 


306-6 


.•2036 


4-914 


890-5 


1179-0 


87-7 


74 


319-1 


303-3 


•2066 


4-862 


889-9 


1179-3 


88-7 


76 


319-9 


300-1 


•2078 


4-811 


889-3 


1179-5 


i.89-7 
^90-7 


7e 


320-7 


297-0 


-2100 


4-761 


888-8 


1179-8 


77 


321-4 


294*0 


•2122 


4-712 


888-3 


1180-0 


91-7 


7a 


822*2 


291-0 


•2144 


4-664 


887-7 


1180-2 


92-7 
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Table CX.~Propertie8 of.SatunitedfSteam— i»n<tnue(2. 



Presmre 
per Square 
Inch from 

Mean At- 
mospherle 

Pressure. 


Tempera- 
ture In 
Fahren- 
heit 
Degrees.- 


Specific 

tire 
Volume 
of the 
Steam. 


Density 
or Weight 
of 1 Cubic 
Foot of the 

Steam. 


Cubic 

Feet of 

theSteara 

perlb^ 


Latent 
Heat of 
Evapora- 
tion in 
Thermal 
Units per 
lb. of the 
Steam. 


Total Heat 

in Thei> AbM^faib 
mal Units Pressoze 

from 83* per 
Fahrenheit Square 
per lb. of Lich. 


lbs. 






lb. 








lbs. 


79 


828-0 


288-0 


•2165 


4-617 


887-1 


1180-6 


93-7 


80 


823-8 


285-2 


•2187 


4-672 


886-6 


1180-7 


94-7 


81 


824-6 


282-4 


•2209 


4-627 


886-0 


1180-9 


96-7 


82 


325-2 


279-6 


•2230 


4*483 


885-5 


1181-1 


96-7 


83 


826-0 


276-9 


•2252 


4-439 


885-0 


1181-4 


97-7 


84 


826-7 


274-3 


•2274 


4-397 


884-4 


1181-6 


98-7 


86 


827-4 


271-7 


•2295 


4-356 


883-9 


1181-8 


997 


86 


828-1 


269-2 


•2317 


4-315 


883-4 


1182-0 


100-7 


87 


328-9 


266-7 


•2339 


4-276 


882-9 


1182-3 


101-7 


88 


829-6 


264-3 


•2360 


4-236 


882-4 


1182-5 


102-7 


89 


330-3 


261-9 


•2382 


4-198 


881-9 


1182-7 


103-7 


90 


331-0 


259-5 


•2404 


4-160 


881-3 


1182-9 


104-7 


91 


331-7 


257-2 


•2425 


4-123 


880-8 


11831 


105-7 


92 


332-3 


254-9 


•2447 


4-087 


880-4 


1183-3 


106-7 


93 


333-0 


252-5 


•2468 


4 051 


879-9 


1183-6 


107-7 


94 


333-7 


250-5 


•2490 


4 016 


879-4 


1183-7 


1087 


95 


334-4 


248-4 


•2511 


8-981 


878-9 


1183-9 


1097 


96 


335-1 


246-3 


•2533 


8-948 


878-4 


1184-2 


1107 


97 


335-7 


244-2 


•2554 


8-914 


878-0 


1184-3 


1117 


98 


336*4 


242-2 


•2676 


3-882 


877-4 


1184-6 


1127 


99 


337-0 


240-1 


•2598 


3-849 


877-0 


1184-7 


1187 


100 


337-7 


238-2 


•2619 


3-818 


976-6 


1184-9 


1147 


101 


338-3 


236-2 


•2640 


3-787 


876 1 


1186-1 


1167 


102 


339 


234-3 


•2662 


3-757 


875-6 


1186-3 


1167 


108 


339-6 


232-5 


•2683 


3-727 


8751 


1186-5 


117-7 


104 


340-2 


230-6 


•2704 


3-697 


874-7 


1185-7 


1187 


106 


340-9 


228-8 


•2726 


3-668 


874-2 


1186-9 


1197 


106 


341-5 


227-0 


•2747 


3-639 


873-8 


1186-1 


120-7 


107 


342-1 


225-1 


•2769 


3-611 


873-3 


1186-3 


1217 


108 


342-7 


223-6 


•2790 


3-584 


872-9 


1186-6 


122-7 


109 


343-8 


221-9 


•2811 


3-556 


872-6 


1186-7 


128-7 
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Table CX— Properties of Satumted Simm^eontiMied, 



Preamm 
^Sqnan 
InehfrtMoa 
Mean At. 

mospherlc 
PreaBore. 


Tteipeo. 

tore lit 

FUiren. 

hdt 

Degree*. 


tiire 
Yolnme 
of the 
Steam. 


DenaitT 
or Weight 
of 1 Cable 
Foot of the 

Steam. 


CnUe 

Feet of 

the Steam 

per lb. 


Latent 

Heat of 
Brapora- 

tlonln 
Thermal 
Unite per 
lb. of the 

Steam. 


njtalHeat 
InThei^ 
mal Unite 
from»r» 
Fahrenheit 
per lb. of 
the Steam. 


Abaolnte 
Preaann 

"ST 


Iba. 






lb. 








Iba. 


110 


848-9 


220-1 


*2833 


8-580 


872-0 


1186-8 


124-7 


111 


844-5 


218-5 


•2864 


3 -603 


871*6 


1187-0 


125-7 


112 


845-1 


216-9 


•2876 


8-477 


871*2 


1187-2 


126-7 


118 


845-7 


216-8 


•2897 


3*462 


870*7 


1187-4 


127*7 


114 


846-3 


213-7 


•2918 


8-426 


870-8 


1187*6 


128*7 


115 


846-9 


212-2 


•2939 


8-401 


869-9 


1187*8 


129*7 


116 


847-5 


210-7 


-2961 


3-377 


869-4 


1187-9 


130-7 


117 


848 1 


209-2 


•2982 


3-363 


869-0 


1188*1 


131-7 


118 


848-7 


2077 


-3008 


3*829 


868*6 


1188-3 


132-7 


119 


849-2 


206-2 


•3025 


3*306 


868-2 


1188*5 


133-7 


120 


349-8 


204-8 


•3046 


8*283 


867-8 


1188*6 


134-7 


121 


850-4 


203-4 


•3067 


8-260 


867-3 


1188*8 


136-7 


122 


851-0 


202-0 


•3088 


8*237 


866-9 


1189-0 


186*7 


123 


851-5 


200-6 


•3110 


8*216 


866*5 


1189-2 


137*7 


124 


8621 


199-2 


•3181 


3*194 


866*1 


1189*3 


188-7 


125 


852-6 


197-9 


-8162 


3*172 


866*7 


1189*5 


139-7 


126 


853-2 


196-6 


•8173 


8-161 


866*3 


1189*7 


140-7 


127 


353-7 


195-3 


-3194 


8 130 


864-9 


1189*8 


141*7 


128 


854-3 


194-0 


-3216 


3*109 


864*5 


1190*0 


142-7 


129 


854*8 


192-7 


•8237 


3*089 


864*1 


1190-2 


143-7 


lao 


855-4 


191-5 


•3268 


3*069 


863*7 


1190*3 


144*7 


181 


855-9 


190-2 


-8279 


3*049 


863*3 


1190*6 


146*7 


132 


856-4 


189-0 


-3300 


3*030 


863-0 


1190*7 


146-7 


133 


857-0 


187-8 


•3321 


3*010 


862-5 


1190*8 


147*7 


134 


857-5 


186-6 


•3343 


2*991 


862-2 


1191-0 


148*7 


135 


868-0 


186-4 


•8364 


2*973 


861-8 


1191-1 


149*7 


136 


858-5 


184-3 


•3385 


2*964 


861-4 


1191-3 


160*7 


137 


859-1 


182-9 


•3406 


2*936 


861-0 


1191-5 


1517 


138 


859-6 


182-0 


•3427 


2*918 


860-6 


1191-6 


1627 


139 


860-1 


180-9 


•8448 


2-900 


860-3 


1191*8 


1637 


UO 


860-6 


179-8 


•8469 


2-882 


869-9 


1191-9 


1647 
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Table CX.— Properties of Saturated Steam-'eontimied. 



Pressure 
;)6r Square 
Inch from 
Mean At- 
mospheilc 
Pressure. 


Tempera- 
ture in 
Fahren- 
heit 

Degrees. 


Specific 
or Rela- 
tive 
Volume 
of the 
Steam. 


Density 
or Weiffht 
of 1 Cubic 
Foot of the 


Cubic 

Feet of 

the Steam 

per lb. 


Latent 
Heat of 
Evapora- 
tion in 
Thermal 
Units per 
lb. of the 
Steam. 


Total Heat 

in Thei^ Absohiii 
mal Unita Pres<i}re 

from 83* per 
Fahrenheit Sqoare 
per lb. of Imi. 
the Steam. 


lbs. 






lb. 








lbs. 


141 


3611 


178-7 


•3490 


2-865 


859-6 


n92^i 


165-7 


142 


861-6 


177-6 


•3511 


2-848 


859-2 


1192-2 


156-7 


143 


862-1 


176-6 


•3532 


2-831 


858-8 


1192-4 


157-7 


144 


362-6 


175-5 


•3554 


2-814 


858-6 


1192-6 


158-7 


145 


363-1 


174-5 


•3575 


2-797 


858-1 


1192-7 


159 7 


146 


363-6 


173-5 


-3596 


2-781 


857-7 


1192-8 


160-7 


147 


364-1 


172-5 


•3617 


2-765 


857-4 


1193-0 


161-7 


148 


364-6 


lH-5 


•3638 


2-749 


857^0 


1193-2 


162-7 


149 


365-1 


170-6 


•3669 


2-733 


856-6 


1193-3 


163-7 


150 


365-6 


169-5 


•3680 


2-717 


856-3 


]193^6 


164-7 


151 


366-1 


168-6 


-3701 


2-702 


855-9 


1193^6 


1657 


162 * 


366-6 


167-6 


•3722 


2-687 


855-5 


1198^8 


166-7 


153 


367-1 


166-7 


•3743 


2-672 


855-2 


1193-9 


167-7 


154 


367-6 


165-7 


•3764 


2-657 


854-9 


1194-0 


168-7 


155 


368-0 


164-8 


•3785 


2-642 


854-6 


1194^2 


169-7 


156 


368-5 


168-9 


-3806 


2-627 


854-2 


1194-3 


1707 


157 


369-0 


163-0 


•3827 


2-613 


853-8 


1194-5 


171-7 


168 


369-4 


162-1 


-3847 


2-599 


853-6 


1194-6 


172-7 


159 


369-9 


161-2 


•3868 


2-585 


853-1 


1194-8 


173-7 


160 


370-4 


160-4 


-3889 


2-571 


852-8 


1194^9 


174-7 


161 


370-8 


159-5 


•3910 


2-557 


852-6 


1195 


175-7 


162 


371-3 


168-7 


-3931 


2-543 


852-1 


1195-2 


176-7 


163 


371-7 


157-8 


•3952 


2-530 


851-8 


1195 -3 


1777 


164 


372-2 


157-0 


•3973 


2-517 


851-6 


1196-5 


1787 


165 


372-7 


156-2 


•3994 


2-504 


851-1 


1195-6 


1797 


166 


373-1 


155-4 


•4016 


2^491 


850-8 


1195-7 


1807 


167 


373-6 


164-6 


•4036 


2-478 


850-4 


1195-9 


1817 


168 


374-0 


153-8 


-4057 


2-465 


850-2 


1196-0 


1827 


169 


374-5 


153-0 


•4077 


2-452 


849-8 


1196-2 


1837 


170 


374-9 


152-2 


•4098 


2-440 


849-5 


1196-3 


1847 


171 


375-4 


151-4 


-4119 


2-427 


849-1 


1196^4 


186-7 
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Tftble ex.— Propertiet of Sa tu i mt e d Steam— eon^iMi. 



PresMUPa 
tier 8qiuu« 
Inch from 
MeMi At- 

Preaanre. 


Temper*- 
tnretai 
Fahren- 
heit 
Degreea. 


Spaelfle 
orReU- 

tlre 
Yolnma 
of the 
Steam. 


orWei^t 

of 1 Cable 

Foot of the 

Steam. 


Cnble 

Feet of 

the Steam 

per lb. 


Latent 

Heat of 
ETapon^ 

tionin 
Thermal 
Unltapar 
lb. of the 

Steam. 


Total Beat 
innier- 
mal Unlta 
from S3* 
Fahrenheit 
per lb. of 
theSteaub 


Abaolnta 
PreMon 


Iba. 






n». 








Iba. 


172 


876-8 


160-7 


•4140 


2-416 


848-8 


1196-6 


186-7 


178 


876-2 


149-9 


•4161 


2-408 


848-6 


1196-7 


187-7 


174 


876-7 


149-2 


•4182 


2-891 


848-2 


1196-8 


1887 


176 


877-1 


148-4 


•4208 


2-879 


847-9 


1197-0 


1897 


178 


877-6 


147-7 


-4228 


2-368 


847-6 


1197-1 


1907 


177 


878-0 


147-0 


•4244 


2-356 


847-2 


1197-2 


1917 


178 


878-4 


146-8 


•4265 


2-844 


846-9 


1197-4 


1927 


179 


878-8 


145-6 


•4286 


2-838 


846-7 


1197-6 


1987 


180 


879-8 


144-8 


•4307 


2-322 


846-3 


1197-6 


1947 


181 


879-7 


144-1 


•4327 


2-311 


846-0 


1197-8 


1957 


182 


880-1 


143-5 


•4348 


2-300 


846-7 


1197-9 


1967 


183 


880-6 


142-8 


-4869 


2-289 


845-4 


1198-0 


1977 


184 


881-0 


142-1 


•4390 


2-278 


845-0 


1198-2 


1987 


185 


881-4 


141-4 


-4410 


2-267 


844-8 


1198-8 


1997 


186 


381-8 


140-8 


•4481 


2-257 


844-6 


1198-4 


2007 


187 


382-2 


140-1 


•4462 


2-246 


844-2 


1198-6 


2017 


188 


382-6 


139-5 


•4473 


2-236 


843-9 


1198-6 


2027 


189 


383-0 


138-8 


-4493 


2-225 


843-6 


1198-8 


2037 


190 


383*6 


138-2 


-4614 


2-215 


843-2 


1198-9 


2047 


191 


383-9 


137-5 


•4535 


2-205 


842-9 


1199-0 


2057 


192 


384-3 


136-9 


•4556 


2-196 


842-6 


1199-2 


2067 


193 


384-7 


136-3 


•4576 


2-186 


8428 


1199-8 


2077 


194 


386 1 


135-7 


-4597 


2 175 


8420 


1199-4 


2087 


196 


385-6 


135-1 


•4618 


2-165 


841-8 


1199-6 


2097 


196 


385-9 


134-5 


•4639 


2-156 


841-6 


1199-6 


2107 


197 


386-3 


133-9 


•4669 


2-146 


841-2 


1199-8 


2117 


198 


386-7 


133-3 


•4680 


2137 


840-9 


1109-9 


2127 


199 


387 1 


132-7 


•4701 


2-127 


840-6 


1200-0 


2137 


200 


387-6 


132-1 


•4721 


2-118 


840-8 


1200-1 


2147 
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The English standard yard is the distance between two marks on a 
bronze bar, measured when the bar is at a temperature of 62° F. 

The French standard metre is the length of a platinum bar, 
measured when the bar is at a temperature of 0** Cent. (32*' F.). 

The Standards Commission, in their Report of 1871-72, considered 
that a correction was needed to allow for this difference^ but the 
original ec^uivalents (as determined by Kater) were adopted withoat 
correction m the Weights and Measures Act' of 1878. 

A comparison of the corrected and adopted equivalents is giyen below : 





Metre. 


Litre. 


Kilogramme.' 


Corrected (Standards Com. ), . 
Adopted (Act of 1878). . 


Inches.* 
39-38-203 
39-37079 


GalloD8.t 

-22018 

•2200967 


Founds. 1 
2-20462 1 
2-20462 1 



* At equal temperatures in ordinary air. 
t.At equal temperatures,— distilled water. 

Table CXI I.— Kilometres and Admiralty Knots. 



1 


1^ 


1 


1^ 


1 


h 


1 




II 


#5 


1 


5^ 


1 


5^ 


1 


11 


M 


1^ 

< 




V 


7-5 


4-047 


17-5 


9-443 


27-5 


14-839 


37-5 


20-235 


47-6 


25-632 


8 


4-317 


18 


9-713 


28 


15-109 


38 


20 ■505 


48 


25-901 


8-6 


4-687 


18-5 


9-983 


28-6 


16-379 


88-6 


20-775 


48-6 


26-171 


9 


4-857 


19 


10-253 


29 


15-649 


39 


21-045 


49 


26-441 


9-5 


6-126 


19-5 


10-523 


29-5 


15-919 


39-5 


21-315 


49-6 


26-711 


10 


5-396 


20 


10-792 


30 


16-188 


40 


21-585 


60 


26-981 


10-5 


5-666 


20-5 


11-062 


30-5 


16-458 


40-6 


21-854 


50-5 


27-251 


11 


5-936 


21 


11-332 


31 


16-728 


41 


22-124 


61 


27-620 


11-6 


6-206 


21-6 


11-602 


31-5 


16-998 


41-5 


22-394 


51-5 


27-790 


12 


6-475 


22 


11-872 


32 


17-268 


42 


22-664 


52 


28-060 


12-6 


6-745 


22-5 


12-141 


32-5 


17-538 


42-5 


22-934 


52-6 


28-330 


13 


7-016 


23 


12-411 


33 


17-807 


43 


23-203 


53 


28-600 


18-6 


7-285 


23-6 


12-681 


33-5 


18-077 


43-5 


23-473 


63-6 


28-869 


14 


7-666 


24 


12-951 


34 


18-347 


44 


23-743 


54 


29-139 


14-6 


7-824 


24-5 


13-221 


34-5 


18-617 


44-5 


24-013 


54-6 


29-409 


15 


8-094 


26 


13-490 


36 


18-887 


45 


24-283 


65 


29-679 


15-6 


8-364 


26-5 


13-760 


36-5 


19-156 


46-5 


24-662 


55-5 


29-949 


16 


8-634 


26 


14-030 


36 


19-426 46 


24-822 66 


30-218 


16-6 


8-904 


26-6 


14-300 


36-5 


19-696 46-5 


25-092 1 


17 


9-173 27 1 


14-570 37 1 


19-966 47 


26-362 1 



t^ Kilometre » 'OSSSe of an* Admiralty knot. 
T*n ;• =« -005896 „ „ 

1 Admiralty knot « 6080 ft. per hour. 
1 Statute mile a 6280 ft, 
1 Kilometre » 8280.8992 ft. 
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Table CXIIL— Millimetres and Inches. 
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il 


1 


il 


1 


il 


r 


3g 


1 


il 


1 


1 


•08987 


41 


1-6142 


81 


3-1890 


121 


4-7639 


161 


6-3887 


2 


•07874 


42 


1-6636 


82 


3-2284 


122 


4-8032 


162 


6-3781 


3 


•11811 


43 


1-6929 


83 


3-2678 


123 


4-8426 


163 


6-4174 


4 


•15748 


44 


1-7323 


84 


3-3071 


124 


4-8820 


164 


6-4568 


5 


•19685 


45 


1-7717 


86 


8-8465 


125 


4-9214 


165 


6-4962 


6 


•23622 


46 


1-8110 


86 


3 '8859 


1-26 


4-9607 


166 


6-5366 


7 


•27660 


47 


1-8504 


87 


3-4262 


127 


6-0001 


167 


6-5749 


8 


•81497 


48 


1-8898 


88 


3-4646 


128 


5-0896 


168 


6-6143 


9 


•85434 


49 


1-9292 


89 


3-5040 


129 


6-0788 


169 


6-6537 


10 


•3937 


50 


1-9685 


90 


3-6434 


130 


6-1182 


170 


6-6930 


11 


•4831 


51 


2-0079 


91 


3-5827 


181 


6-1676 


171 


6-7324 


12 


•4724 


52 


2-0473 


92 


3-6221 


132 


5-1969 


172 


6-7718 


13 


•5118 


53 


2-0866 


93 


8-6614 


133 


5-2363 


173 


6-8111 


14 


•5512 


54 


2-1260 


94 


8-7008 


134 


6-2767 


174 


6-8605 


15 


•6906 


55 


2-1654 


96 


3-7402 


135 


5-3160 


176 


6-8899 


16 


•6299 


56 


2-2048 


96 


3-7796 


186 


5-8644 


176 


6-9293 


17 


'6693 


57 


2-2441 


97 


3-8190 


187 


6 -8938 


177 


6-9686 


18 


•7087 


58 


2-2836 


98 


3-8583 


138 


5-4832 


178 


7-0080 


19 


•7480 


59 


2-3229 


99 


3-8977 


139 


5-4726 


179 


7-0474 


20 


7874 


60 


2-3622 


100 


3-9371 


140 


6-5119 


180 


7-0867 


21 


•8268 


61 


2-4016 


101 


3-9764 


141 


5-6513 


181 


7-1261 


22 


•8662 


62 


2-4410 


102 


4-0158 


142 


5-6906 


182 


7-1655 


23 


•9065 


63 


2-4804 


103 


4-0652 


143 


5-6300 


183 


7-2048 


24 


•9449 


64 


2-5197 


104 


4-0946 


144 


5-6694 


184 


7-2442 


25 


•9843 


65 


2-5691 


105 


4-1339 


145 


5-7088 


185 


7-2836 


26 


1-0236 


66 


2-5985 


106 


4-1733 


146 


5-7481 


186 


7-3230 


27 


1-0630 


67 


2-6378 


107 


4-2127 


147 


5-7875 


187 


7-3623 


28 


11024 


68 


2-6772 


108 


4-2520 


148 


6-8269 


188 


7-4017 


29 


1^1418 


69 


2-7166 


109 


4-2914 


149 


5-8662 


189 


7-4411 


30 


1-1811 


70 


2-7560 


110 


4-3308 


160 


5-9056 


190 


7-4804 


31 


1-2205 


71 


2-7953 


111 


4-3702 


151 


5-9460 


191 


7-5198 


32 


1-2599 


72 


2-8347 


112 


4-4095 


152 


5-9844 


192 


7-5592 


33 


1-2992 


73 


2-8741 


113 


4-4489 


153 


6-0237 


193 


7-6986 


34 


1-3386 


74 


2-9134 


114 


4-4883 


154 


6 0681 


194 


7-6379 


35 


1-3780 


75 


2-9528 


115 


4-5276 


165 


6-1026 


195 


7-6773 


36 


1-4173 


76 


2-9922 


116 


4-5670 


156 


6-1418 


196 


7-7167 


37 


1-4667 


77 


3-0316 


117 


4-6064 


157 


6-1812 


197 


7'-7560 


38 


1-4961 


78 


3-0709 


118 


4-6468 


158 


6-2206 


198 


7-7954 


39 


1-5355 


79 


8-1103 


119 


4-6851 


159 


6-2600 


199 


7-8348 


40 


1-5748 


80 


3-1497 


120 


4-7245 


160 


6-2993 


200 


7-8742 
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Table CXI 1 1.— Millimetres and IndieB-'ConiinuecL 



201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 



I 



7-9135 
7-9529 
7-9923 
8-0316 
8-0710 
8-1104 
8*1498 
8-1891 
8*2285 
8-2679 
8-3072 
8-3466 
8-3860 
8-4254 
8-4647 
8-5041 
8-5435 
8-5828 
8*6222 
8*6616 
8-7009 
8-7403 
8-7797 
8*8190 
8*8584 
8*8978 
8*9372 
8*9765 
9*0159 
9-0553 
9*0946 
9*1340 
9*1734 
9*2128 
9*2521 
9*2915 
9-3309 
9*3702 
9*4096 
9-4490 



il 



241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 



I 



9-4884 

9-5277 

9-5671 

9*6066 

9*6458 

9*6852 

9-7246 

9-7640 

9*8033 

9-8427 

9-8821 

9-9214 

9-9608 

10*0002 

10*0396 

10-0789 

101183 

10-1577 

10-1970 

10-2364 

10-2768 

10-3151 

10-3646 

10-3939 

10*4383 

10-4726 

10*6120 

10-5614 

10-5907 

10*6301 

10-6695 

10*7088 

10-7482 

10-7876 

10*8270 

10-8663 

10-9067 

10-9451 

10*9844 

11-0238 



il 



281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
296 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 



I 



11 0632 
11*1026 
11*1419 
11-1813 
11*2207 
11*2600 
11-2994 
11-3388 
11-3782 
11-4176 
11-4569 
11-4963 
11-6366 
11-6750 
11-6144 
11-6538 
11-6931 
11-7326 
11-7719 
11-8112 
11*8506 
11-8900 
11*9294 
11*9687 
12-0081 
12*0475 
12*0868 



12*1262 348 



12-1656 
12*2049 
12-2443 
12-2837 
12*3231 



12-3624 364 



12-4018 
12-4412 
12-4806 



12-5199 368 



12-5593 
12-5981 



321 
322 
323 
324 
326 
326 
327 
328 
329 
330 
331 
832 
333 
334 
336 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 



349 
350 
361 
362 
353 



365 
356 
367 



a 



869 
360 



12-6380 
12*6774 
12-7168 
12*7661 
12*7965 
12-8349 
12-8742 
12*9136 
12-9530 
12*9924 
13*0317 
13*0711 
13-1105 
13*1498 
13*1892 
13-2286 
13*2680 
13*3073 
13*3467 
13-3861 
13-4264 
13-4648 
13*5042 
13-5436 
13-5829 
13-6223 
13-6617 
13-7010 
13-7404 
13-7798 
13-8192 
18-8586 
13-8979 
13-9373 
13-9766 
14-0160 
14-0564 
14-0947 
14-1841 
14-1736 



361 
362 
368 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
877 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
888 
389 
390 
391 
392 
393 
394 
395 
896 
897 
898 
899 
400 



TABL8 OXIIt.— MILLIHETRSS AND IKGHBS. 345 

Table CXIII.— Millimetres and Inches—conHnuecL 



\i 



I 

.9 



ai 



I 



I 



102 

103 

L04 

105 

106 

407 

108 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 



167877 
16-8271 
16-8664 
16-9058 
16-9452 
15-9845 
16*0239 
16-0633 
16-1026 
16-1420 
16-1814 
16-2208 
16-2601 
16-2995 
16*3389 
16*3782 
16-4176 
16-4570 
16-4964 
16-5357 
16-5761 
16-6145 
16-6538 
16-6932 
16-7826 
167720 
16-8113 
16-8507 
16-8901 
16-9294 
16-9688 
17*0082 
17-0476 
17-0869 
17-1263 
17-1657 
17-2050 
17-2444 
17-2888 
17-8282 



441 
442 
448 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 



17-3626 
17-4019 
17-4413 
17-4806 
17-5200 
17-5594 
17-5987 
17-6381 
17-6776 
17-7169 
17-7562 
17-7956 
17-8350 
17-8743 
17-9137 
17-9531 
17-9924 
18-0318 
18-0712 
18-1106 
18-1499 
18-1893 
18-2287 
18-2680 
18-8074 
18-3468 
18-3862 
18-4265 
18*4649 
18-5048 
18-5436 
18-6880 
18-6224 
18-6617 
18-7011 
18-7405 
18-7799 
18-8192 
18-8586 
18-8980 



481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
601 
502 
503 
504 
605 
506 
507 
508 
509 
510 
511 
512 
613 
614 
516 
616 
517 
518 
519 
520 



18-9374 
18-9767 
19-0161 
19-0555 
19-0948 
19-1342 
19-1736 
19*2130 
19-2523 
19-2917 
19-3311 
19-3704 
19-4098 
19-4492 
19-4886 
19-5279 
19-5673 
19-6066 
19-6460 
19-6854 
19-7248 
19-7641 
19-8035 
19-8429 
19-8822 
19-9216 
19-9610 
20 0004 
20 0397 
20-0791 
20-1186 
20-1678 
20-1972 
20-2366 
20-2760 
20-3153 
20-8547 
20-3941 
20-4334 
20-4728 



621 
522 
523 
624 
525 
526 
527 
528 
529 
530 
631 
532 
533 
534 
536 
536 
637 
538 
539 
540 
541 
542 
543 
544 
545 
646 
547 
548 
549 
550 
551 
562 
553 
554 
665 
556 
557 
558 
559 
560 



20-5122 
20-5516 
20*5909 
20-6303 
20-6697 
20-7090 
20-7484 
20-7878 
20-8272 
20-8665 
20-9059 
20-9453 
20-9846 
21-0240 
21-0634 
21-1027 
21-1421 
21-1815 
21-2209 
21-2602 
21-2996 
21*3390 
21-3783 
21-4177 
21*4571 
21-4964 
21-6358 
21*5752 
21-6146 
21*6539 
21*6933 
21-7327 
21-7720 
21-8114 
21-8508 
21*8902 
21-9295 
21-9689 
22*0088 
22*0476 



661 
562 
563 
564 
565 
566 
667 
568 
569 
570 
571 
672 
573 
574 
675 
576 
677 
578 
579 
580 
681 
582 
583 
584 
685 
586 
687 
588 
589 
690 
591 
592 
593 
594 
595 
596 
597 
598 
699 
600 



22-0870 
22-1264 
22-1658 
22-2051 
22-2445 
22-2839 
22*8232 
22*3626 
22-4020 
22*4414 
22-4807 
22-5201 
22-5695 
22-5988 
22-6382 
22*6776 
22-7170 
22-7663 
22-7957 
22 ■8361 
22-8744 
22-9138 
22-9532 
22-9925 
23-0319 
23-0713 
23-1106 
23-1500 
23-1894 
23-2288 
23*2681 
23-3075 
23-346P 
23-3862 
23-4256 
23-4650 
23-5044 
23-5437 
23*5831 
23-6226 
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. Table CXI 1 1.— Millimetres and Indies—continued. 



I 



ii 



I 



I 



il 



601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
689 
640 



23-6618 
23-7012 
23-7406 
23-7800 
23-8193 
28-8687 
28-8981 
23-9374 
23-9768 
24-0162 
24-0556 
24-0949 
24-1343 
24-1737 
24-2130 
24-2524 
24*2918 
24-3312 
24-3705 
24*4099 
24-4493 
24-4886 
24-5280 
24-5674 
24-6068 
24-6461 
24-6855 
24-7249 
24-7642 
24-8036 
24-8430 
24-8823 
24-9217 
24-9611 
25-0004 
25-0398 
25-0792 
25-1186 
25-1579 
26-1973 



641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 



25-2367 

25-2760 
25-3154 
25-3548 
25-3942 
26-4335 
25-4729 
25-6123 
25-6516 
25-5910 
25-6304 
25-6698 
25-7091 
25-7485 
25-7879 
25-8272 
25-8666 
25-9060 
25*9454 
25-9847 
26-0241 
26-0635 
26-1028 
26-1422 
26-1816 
26-2210 
26-2603 
26-2997 
26-3391 
26-3784 
26-4178 
26-4572 
26-4965 
26-5359 
26-5763 
26-6147 
26-6540 
26-6934 
26-7328 
26-7721 



681 
682 
683 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 



26-8115 
26-8509 
26-8902 
26-9296 
26-9690 
27-0084 
27-0477 
27-0871 
27-1265 
27-1658 
27-2052 
27-2446 
27-2840 
27-3233 
27-3627 
27-4021 
27-4414 
27-4808 
27-6202 
27-6696 
27-5989 
27-6383 
27-6777 
27-7170 
27-7564 
27-7958 
27-8352 
27-8745 
27-9139 
27-9533 
27-9926 
28-0320 
28-0714 
28-1108 
28-1501 
28-1895 
28-2289 
28*2682 
28-3076 
28-3470 



721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
763 
754 
755 
756 
757 
768 
759 
760 



28-3863 
28-4257 
28-4651 
28-5044 
28-5438 
28-5832 
28-6226 
28-6619 
28-7013 
28-7407 
28-7800 
28-8194 
28-8588 
28-8982 
28-9375 
28-9769 
29-0163 
29-0656 
29-0950 
29-1344 
29-1738 
29-2131 
29-2525 
29-2919 
29-3312 
29-3706 
29-4100 
29-4494 
29-4887 
29-5281 
29-5675 
29-6068 
29-6462 
29-6856 
29-7250 
29-7643 
29-8037 
29-8431 
29*8824 
29-9218 



761 
762 
763 

764 
766 
766 
767 
768 
769 
770 
771 
772 
773 
774 
776 
776 
777 
778 
779 
780 
781 
782 
788 
784 
786 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
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Table CXI 1 1.— Millimetres and IncheS'-eontinued. 



I 



I 



»l 



840 



31-5860 
31-5764 
31-6148 
31 -6641 
31-6935 
31-7329 
31-7722 
31-8116 
31-8610 
31-8903 
31-9297 
31-9691 
32-0086 
32-0478 
82-0872 
32-1266 
32-1669 
32*2063 
32-2447 
32-2840 
32-8234 
32*3628 
32*4022 
32*4416 
32*4809 
32*6203 
32*6696 
32-6990 
32-6384 
32*6778 
32-7171 
32*7666 
32*7969 
32-8362 
32*8746 
32*9140 
82*9634 
32*9927 
33*0321 
33-0716 



841 
842 
843 
844 
846 
846 
847 
848 
849 
860 
861 
862 
863 
864 
866 
866 
867 
868 
859 
860 
861 
862 
863 
864 
866 
866 
867 
868 
869 
870 
871 
872 
873 
874 
876 
876 
877 
878 
879 
880 



331108 
33*1502 
33*1896 
33*2290 
33-2683 
33*3077 
33*8471 
33*3864 
33-4268 
33*4662 
33*6046 
83*6439 
38-6833 
33*6227 
83-6620 
33*7014 
33*7408 
33*7801 
33-8196 
33-8689 
33-8982 
38-9376 
33*9770 
34-0164 
34*0657 
34*0961 
34*1345 
34-1788 
34-2132 
34-2626 
34-2920 
84-3313 
34-3707 
34-4101 
34-4494 
34*4888 
34-6282 
34*6676 
34*6069 
34*6463 



881 
882 
883 
884 
886 
886 
887 
888 
889 
890 
891 
892 
893 
894 
896 
896 
897 
898 
899 
900 
901 
902 
903 
904 
906 
906 
907 
908 
909 
910 
911 
912 
913 
914 
916 
916 
917 
918 
919 
920 



34-6867 
34*7260 
84-7644 
34*8088 
84*8482 
34*8826 
84*9219 
34-9613 
35-0006 
36-0400 
36-0794 
36*1188 
85 -1581 
36*1975 
36*2369 
36-2762 
36 -8166 
36-8560 
86-3943 
36-4337 
36*4731 
35*6126 
36*6618 
36-6912 
36-6306 
36-6699 
36-7093 
36-7487 
35-7880 
35-8274 
36-8668 
36-9062 
86*9465 
36-9849 
36*0243 
36-0636 
36-1030 
36-1424 
36-1818 
36-2211 



921 
922 
928 
924 
926 
926 
927 
928 
929 
930 
931 
932 
933 
934 
936 
936 
937 
938 
939 
940 
941 
942 
943 
944 
946 
946 
947 
948 
949 
950 
961 
952 
963 
964 
966 
956 
957 
958 
969 
960 



36-2606 
36-2999 
36-3392 
36-3786 
36-4180 
36*4674 
36-4967 
36-5861 
36-5756 
86-6148 
36-6542 
86-6936 
86-7330 
36*7723 
36*8117 
36*8611 
36-8904 
36*9298 
36*9692 
87-0086 
37 0479 
37-0878 
37-1267 
37*1660 
37-2064 
37-2448 
87-2841 
87-3235 
37-3629 
37*4023 
37-4416 
37-4810 
37-5204 
37-6697 
37-5991 
87*6385 
37*6778 
87*7172 
37-7666 
87 



961 
962 
963 
964 
966 
966 
967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
986 
986 
987 
988 
989 
990 
991 
992 
993 
994 
995 
996 
997 
998 
999 
796011000 



37-8253 
37-8747 
87-9141 
37-9534 
37*9928 
38-0322 
38-0716 
38-1109 
38*1503 
38-1897 
38-2290 
88*2684 
38*3078 
38-8472 
38*3865 
88*4269 
88-4653 
38*5046 
38-6440 
88-6834 
38-6228 
88*6621 
38*7016 
38-7409 
38*7802 
38*8196 
38-8690 
88-8984 
38-9377 
38-9771 
39-0165 
89-0658 
39-0952 
39 1346 
39*1739 
39-2183 
39*2627 
39-2920 
89-3314 
39*3708 
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Table CXIV.^D^dmal. equivalents of Fractions of an inch. 



Fnetiaiu 


Decimali 


FncUoiiB. 


Dedmak 


TracHoiu. 


Declmali Fractions. 


Deelmalfl 


y.t 


•015626 


>%; 


•265626 


"A, 


•516625 


*%4 


•766625 


V», 


•03125 


Vs. 


•28126 


'%, 


•63126 


"/3» 


•78125 


%* 


•046876 


"/.» 


•296875 


"/.« 


•646875 


"/«4 


•796876 


'A, 


•0626 


v.. 


•8125 


Vi. 


•5626 


'Vie 


•8126 


•/.. 


•078126 


"/.4 


•328125 


•%* 


•678125 


"/«4 


•828125 


%, 


•09375 


•%. 


•84376 


"/3, 


■69375 


'Vs. 


•84375 


'/.. 


•109375 


"/.. 


•369375 


'%* 


•609376 


"/•4 


•859375 


% 


•125 


% 


•875 


% 


•625 


Vs 


•876 


Vm 


•140625 


"/.. 


•390625 


"/.* 


•640625 


^y«4 


•890625 


'Ai 


•15625 


'%» 


•40626 


"/3, 


•66626 


'VSQ 


•90626 


"/.* 


•171875 


"/« 


•421875 


"/.* 


•671876 


•ye4 


•921875 


'/.. 


•1876 


Vi. 


•4376 


"/l. 


•6876 


^M« 


•9376 


•"/.. 


•203125 


"/.« 


•453126 


"/.« 


•703125 


•y«4 


•953125 


%, 


•21875 


••/s. 


•46875 


"/a. 


•71875 


'Vsa 


•96876 


"/.4 


•234375 


»y.« 


•484875 


*'/.. 


•734375 


•%4 


•984375 


y* 


•25 


% 


•5 


% 


•76 


1 


1 



Table CXV.— Metrical equivalents of Fractions of an inch, &c. 



Fractions 


Milli. 


Fractions 


Milli. 


Inches. 


Milli. 


Inches. 


Milli- 


of an incli. 


metres. 


of an inch. 


metres. 


metres. 


metres. 


V33 


0-7937 


'Vs. 


13-4935 


1 


26 •3995 


17 


431^7922 


Vie 


1-5875 


Vie 


14-2872 


2 


50^7991 


18 


467 •1917 


Vs2 


2-3812 


'Vs2 


15-0810 


3 


76-1986 


19 


482-6912 


% 


3-1749 


% 


15-8747 


4 


101 •6982 


20 


507 -990$ 


Vs. 


3^9687 


'Vs. 


16-6684 


5 


126-9977 


21 


533-3904 


»Xc 


4-7624 


^Vie 


17^4622 


6 


162 •3972 


22 


568-789S 


Vsa 


6^6561 


'Vs. 


18^2669 


7 


177^7968 


23 


584-1894 


V4. 


6-3499 


% 


19^0496 


8 


203-1963 


24 


609-6890 


%a 


7^1436 


'Vs. 


19 •8434 


9 


228^6959 


26 


634-9885 


Vi« 


7-9874 


^Vi^ 


20-6371 


10 


253-9964 


26 


660^3881 


'Vs2 


8-7311 


'Vs. 


21-4309 


11 


279-8950 


27 


685-7876 


% 


9 •5248 


Vb 


22^2246 


12 


304^7946 


28 


711-187S 


"/83 


10-3186 


'Vs. 


23^0183 


13 


330-1940 


29 


736-5867 


Vl. 


11^1123 


'Vi^ 


23-8121 


14 


336 •6936 


30 


761-9862 


^%2 


11^9060 


'Vs. 


24-6058 


15 


380^9931 


31 


787-8868 


H 


12^6998 






16 


406^8926 


32 


812-7863 
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\ \ 

Table CZVI.^Sqiiare Feet anil Square Metres. 



^2? 


SSS 


^ST 


IS^ 


^S? 


Square 
Metzea. 


^ST 


Square 
Metrei. 


1 


•0929 


26 


2-4154 


51 


4-7379 


76 


7-0604 


2 


•1858 


27 


2-5083 


52 


4-8308 


77 


7-1633 


3 


•2787 


28 


2-6012 


53 


4-9237 


78 


7-2462 


4 


•3716 


29 


2-6941 


54 


5-0166 


79 


7-3391 


6 


•4645 


30 


2-7870 


55 


5-1095 


80 


7-4320 


6 


•5574 


81 


2-8799 


56 


5-2024 


81 


7-5249 


7 


•6608 


82 


2-9728 


67 


6-2953 


82 


7-6178 


8 


•7432 


33 


30657 


58 


5-3882 


83 


7-7107 


9 


•8361 


34 


3 1586 


69 


6-4811 


84 


7-8086 


10 


•9290 


35 


3-2515 


60 


5-5740 


85 


7-8965 


11 


10219 


36 


3-3444 


61 


5-6669 


86 


7-9894 


12 


1^1148 


87 


3-4373 


62 


6-7598 


87- 


8-0823 


13 


1-2077 


38 


3-5302 


63 


5-8527 


88 


8-1762 


14 


1-8006 


89 


3-6231 


64 


5-9456 


89 


8*2681 


15 


13985 


40 


3-7160 


65 


6-0385 


90 


8-8610 


16 


1-4864 


41 


3-8089 


66 


6 1314 


91 


8-4539 


17 


1-5793 


42 


3-9018 


67 


6-2243 


92 


8-5468 


18 


1-6722 


43 


3-9947 


68 


6-3172 


93 


8-6397 


19 


1^7651 


44 


4-0876 


69 


6-4101 


94 


8-7826 


20 


1-8580 


45 


4-1805 


70. 


6-5030 


95 


8-8255 


21 


1-9509 


46 


4-2784 


71 


6-5969 


96 


8-9184 


22 


2^0438 


47 


4-3663 


72 


6-6888 


97 


9-0113 


23 


21867 


48 


4-4592 


73 


6-7817 


98 


9-1042 


24 


2-2296 


49 


4-5521 


74 


6-8746 


99 


9-1971 


25 


2-3225 


50 


4-6450 


75 


6-9675 


100 


9-2900 



The above Table can, of course, be used for hundreda and thoosanda 
of feet, or for hundredths and thousandths of feet, by altering the 
position of the decimal point : e,g,, — 50 square feet — 4*645 square 
metres^ and 5000 square feet — 464-6 square metres ; also '5 square 
foot ' '04645 square metre. 
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Table CXVI I.— Square Metres and Square Feet. 



Square 
Metres. 


xr 


Square 
ITetres. 


xr 

root. 


Square 
Metxes. 


^sr 


Square 
Metres. 


^r^ 


1 


10-764 


26 


279-872 


51 


548-979 


76 


818-087 


2 


21-529 


27 


290-636 


52 


559-744 


77 


828-851 


3 


32-293 


28 


301 -400 


53 


570-508 


78 


839-615 


4 


43-057 


29 


312-165 


54 


581-272 


79 


850 -380 


5 


53-822 


30 


322-929 


55 


692-036 


80 


861-144 


6 


64-586 


31 


383-693 


56 


602-801 


81 


871-908 


7 


75-350 


82 


344-458 


57 


613-565 


82 


882-673 


8 


86-114 


33 


355-222 


58 


624-329 


83 


893-437 


9 


96-879 


34 


365-986 


59 


635-094 


84 


904-201 


10 


107-643 


35 


376-750 


60 


645-858 


85 


914-966 


11 


118-407 


36 


387-515 


61 


656-622 


86 


925-730 


12 


129-172 


87 


398-279 


62 


667-387 


87 


936-494 


13 


139-936 


38 


409-043 


63 


678-151 


88 


947-268 


14 


150-700 


39 


419-808 


64 


688-915 


89 


958-023 


15 


161-464 


40 


430-572 


65 


699-680 


90 


968-787 


16 


172-229 


41 


441-386 


66 


710-444 


91 


979-551 


17 


182-993 


42 


452-101 


67 


721-208 


92 


990-316 


18 


198-757 


43 


462-865 


68 


731-972 


93 


1001-080 


19 


204-522 


44 


473-629 


69 


742-737 


94 


1011-844 


20 


215-286 


45 


484-394 


70 


753-501 


95 


1022-608 


21 


226-050 


46 


495-158 


71 


764-265 


96 


1083-873 


22 


236-815 


47 


505-922 


72 


775-030 


. 97 


1044-137 


23 


247-579 


48 


516-686 


73 


786-794 


98 


1054-901 


24 


258-343 


49 


527-451 


74 


796-558 


99 


1065-666 


25 


269-108 


50 


538-215 


75 


807-822 


100 


1076-430 



The above Table can, of coarse, be used for hundreds and thousands 
of metres, or for hundredths and thousandths of metres, by altering 
the position of the decimal point : e.g,, — 50 square metres » 538*215 
square feet, and 5000 square metres » 53821-5 square feet; also *5 
square metro = 5-38215 square feet. 
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Table CXVIII.— EflgUah Weights and Metric Equivalents. 



Lba. 


KUognunmet. 


Lbt. 


Knogrammes. 


LbB. 


Kilognunmet. 


1 


•4536 


42 


19-0509 


83 


87*6482 


2 


•9072 


43 


19-5045 


84 


38-1018 


3 


1-3608 


44 


19-9581 


85 


38-6554 


4 


1-8144 


45 


20-4117 


86 


39-0089 


5 


2-2680 


46 


20-8653 


87 


39-4625 


6 


2-7216 


47 


21-3189 


88 


39-9161 


7 


3 1752 


48 


21-7724 


89 


40-3697 


8 


3-6287 


49 


22-2260 


90 


40-8238 


9 


40823 


50 


22-6796 


91 


41-2769 


10 


4-5359 


51 


23 1332 


92 


41 -7305 


11 


4-9895 


52 


23-5868 


93 


42-1841 


12 


5-4431 


53 


24-0404 


94 


42-6877 


13 


5*8967 


54 


24-4940 


95 


43-0913 


14 


6-3503 


55 


24-9476 


96 


43-5449 


15 


6-8039 


56 


26-4012 


97 


43-9985 


16 


7-2575 


57 


25-8548 


98 


44-4521 


17 


7-7111 


58 


26-8084 


99 


44-9057 


18 


8-1647 


59 


26-7619 


100 


45-3593 


19 


8-6182 


60 


27-2155 


101 


45-8128 


20 


9-0718 


61 


27-6691 


102 


46-2664 


21 


9-5254 


62 


28-1227 


103 


46-7200 


22 


9-9790 


■ 63 


28-5763 


104 


47-1736 


23 


10-4326 


64 


29-0299 


105 


47-6272 


24 


10-8862 


65 


29-4835 


106 


48-0808 


25 


11-3398 


66 


29-9371 


107 


48-5344 


26 


11-7934 


67 


30-3907 


108 


48*9880 


27 


12-2470 


68 


80-8443 


109 


49-4416 


28 


12-7006 


69 


81-2979 


110 


49*8952 


29 


13 1542 


70 


81-7515 


111 


50-3488 


30 


13-6078 


71 


32-3061 


112 


60-8024 


31 


14-0614 


72 


32-6587 


200 


90-7185 


82 


14-6149 


73 


33-1123 


300 


136-0778 


33 


14-9685 


74 


33-5658 


400 


181-4370 


34 


15-4221 


75 


34-0194 


500 


226-7968 


35 


15-8757 


76 


34-4730 


600 


272-1666 


36 


16-3292 


77 


34-9266 


700 


317-6148 


37 


167293 


78 


86-3802 


800 


862-8741 


38 


17-2865 


79 


85-8838 


900 


408-2334 


39 


17-6901 


80 


36-2874 


1000 


468*5926 


40 


18-1437 


81 


36-7410 


2000 


907-1853' 


41 


18-5973 


82 


37-1946 


2240 


1016-0476 
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Table CXIX.— Metric Weights and English equivalents. 



Kflo- 


Lbs. 


Kilo. 


LhB. 


Kflo- 


Lbs. 


gnmg. 




grams. 




grama. 




1 


2-2046 


88 


83-7756 


75 


165-3466 


2 


4-4092 


89 


85-9802 


76 


167-5512 


8 


6-6189 


40 


88-1848 


77 


169*7559 


4 


8-8185 


41 


90-8895 


78 


171-9605 


5 


11-0281 


42 


92-5941 


79 


174-1651 


6 


13-2277 


43 


94-7987 


80 


176-3697 


7 


15-4324 


44 


97-0034 


81 


178-5743 


8 


17-6370 


45 


99-2079 


82 


180-7789 


9 


19-8416 


46 


101-4126 


83 


182-9836 


10 


22-0462 


47 


103-6172 


84 


185-1882 


11 


24-2508 


48 


106-8218 


85 


187-3928 


12 


26-4554 


49 


108-0264 


86 


189-5974 


13 


28-6601 


50 


110-2311 


87 


191*8020 


14 


30-8647 


61 


112-4357 


88 


194*0067 


15 


83-0693 


52 


114-6403 


89 


196-2113 


16 


85-2739 


53 


116-8499 


90 


198-4159 


17 


37-4786 


54 


119-0495 


91 


200-6205 


18 


39-6832 


55 


121-2542 


92 


202-8251 


19 


41-8878 


56 


123-4588 


93 


205-0298 


20 


44-0924 


57 


125-6634 


94 


207-2344 


21 


46-2970 


58 


127-8680 


95 


209-4390 


22 


48-5017 


59 


130-6727 


96 


211*6481 


28 


50-7063 


60 


132-2773 


97 


213*8482 


24 


52-9109 


61 


134-4819 


98 


216*0529 


25 


55-1155 


62 


136-6865 


99 


218*2576 


26 


67-3202 


63 


138-8911 


100 


220-4621 


27 


59*5248 


64 


141-0958 


200 


440-9243 


28 


61-7294 


65 


143-8004 


300 


661-8864 


29 


63-9340 


66 


145-5050 


400 


881-8485 


80 


66-1386 


67 


147-7096 


500 


1102-8106 


81 


68-3438 


68 


149*9142 


600 


1822-7728 


32 


70-5479 


69 


152*1189 


700 


1543-2849 


88 


72-7525 


70 


154-8235 


800 


1768-6970 


84 


74-9571 


71 


156-6281 


900 


1984*1591 


85 


77-1617 


72 


158*7327 


1000 


2204*6218 


86 


79-3664 


78 


160-9874 


1016 


2239*8952 


87 


81-5709 


74 


168*1419 
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Tahie CXZ.~Poiiiids per square inch and Kilos:rafiiffle8 per 
square centimetre. 



LbB. 

pep 

inch. 


KilM. 

per 

iq. cm. 


Lbs. 
per 


KUosr 

per 
8q. cm. 


LbfL 
per 

inch. 


Knot. 

per 
8q. cm. 


Lbs. 

per 

sq. 
inch. 


KUos. 

per 

8q. cm. 


LU. 
per 

incifi. 


KilOA. 

per 
sq. cm. 


1 


•0703 


35 


2-460 


69 


4-850 


103 


7*241 


187 


9-632 


2 


'1406 


36 


2-630 


70 


4-921 


104 


7-312 


138 


9-702 


3 


•2109 


37 


2-601 


71 


4-991 


105 


7*882 


139 


9-772 


4 


•2812 


38 


2-671 


72 


5-061 


106 


7-452 


140 


9-843 


5 


•3615 


89 


2-741 


78 


5-131 


107 


7-522 


141 


9-913 


6 


•4218 


40 


2-812 


74 


5-202 


108 


7-593 


142 


9*983 


7 


•4921 


41 


2*882 


75 


5-272 


109 


7-668 


148 


10*064 


8 


•5624 


42 


2-952 


76 


6-342 


110 


7-733 


144 


10-124 


9 


•6327 


43 


3 022 


77 


5-413 


111 


7*804 


145 


10194 


10 


•7030 


44 


3-093 


78 


6-483 


112 


7*874 


146 


10*264 


11 


•7733 


45 


3-163 


79 


5-553 


113 


7*944 


147 


10-385 


12 


•8436 


46 


3-238 


80 


6-624 


114 


8-015 


148 


10*406 


13 


•9140 


47 


3-304 


81 


5-694 


115 


8*085 


149 


10-475 


14 


•9843 


48 


3-874 


82 


5-764 


116 


8-155 


160 


10-546 


15 


1^0546 


49 


3-444 


83 


5-834 


117 


8-226 


155 


10-897 


16 


1^1248 


50 


3-516 


84 


5-905 


118 


8-296 


160 


11*249 


17 


1-1952 


51 


8*585 


85 


5-975 


119 


8-366 


165 


11-600 


18 


1-265 


52 


8-655 


86 


6-045 


120 


8-436 


170 


11*952 


19 


1-835 


53 


3-725 


87 


6-116 


121 


8-507 


175 


12*303 


20 


1-406 


54 


3-796 


88 


6-186 


122 


8-577 


180 


12-665 


21 


1-476 


55 


8-866 


89 


6-266 


123 


8-647 


185 


13-006 


22 


1-546 


56 


3-936 


90 


6-327 


124 


8-718 


190 


13-368 


23 


1-616 


57 


4*007 


91 


6-397 


125 


8-788 


196 


18-710 


24 


1-687 


58 


4-077 


92 


6-467 


126 


8-858 


200 


14-061 


25 


1-757 


59 


4-147 


93 


6-537 


127 


8-929 


210 


14-76 


26 


1-827 


60 


4-218 


94 


6-608 


128 


8-999 


220 


15-46 


27 


1-898 


61 


4-288 


95 


6-678 


129 


9-069 


230 


1616 


28 


1-968 


62 


4-358 


96 


6-748 


130 


9-140 


240 


16-87 


29 


2*038 


63 


4-428 


97 


6-819 


131 


9-210 


250 


17-5Y 


30 


2-109 


64 


4-499 


98 


6-889 


182 


9-280 


260 


18-27 


31 


2-179 


65 


4-569 


99 


6-959 


133 


9-350 


270 


18-98 


32 


2-249 


66 


4-639 


100 


7-030 


184 


9-421 


280 


19-68 


33 


2-819 


67 


4-710 


101 


7*101 


135 


9-491 


290 


20-88 


34 


2-390 


68 


4-780 


102 


7-171 


136 


9-561 


300 


21-09 
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Table CXXI.— Kilogrammes per square centimetre 
and pounds per square inch. 



Kilos. 


Llxi.per 


EUos. 


Lbs. per 


Kilos. 


l6s. per 


KUos. 


Lbs. per 


per 


square 


per 


square 


per 


square 


per 


square 


sq. cm. 


inch. 


sq. cm. 


inch. 


sq. cm. 


inch. 


sq. cm. 


inch. 


•1 


1-422 


3 1 


44-091 


6-1 


86761 


9*1 


129-431 


•2 


2-844 


3-2 


46-514 


6-2 


88-183 


9-2 


130-853 


•3 


4-266 


3-3 


46-936 


6-3 


89-606 


9-3 


182-275 


•4 


5-689 


3-4 


48-358 


6-4 


91-028 


9-4 


133-698 


•5 


7-111 


3-6 


49-781 


6-5 


92-450 


9-5 


135-120 


•6 


8-633 


3-6 


51-203 


6-6 


93-873 


9-6 


136-542 


•7 


9-956 


37 


62-626 


67 


95-296 


97 


137*965 


•8 


11-378 


3-8 


64-048 


6-8 


96717 


9-8 


139-387 


•9 


12-800 


3-9 


66-470 


6-9 


98-140 


9-9 


140-809 


1-0 


14-223 


4-0 


66-892 


7-0 


99-562 


10-0 


142*232 


1-1 


15-646 


4-1 


68*316 


7-1 


100-984 


10-6 


149*343 


1-2 


17-067 


4-2 


69*737 


7-2 


102-407 


110 


156*465 


1-3 


18*490 


4-3 


61-169 


7-3 


103-829 


11*6 


163-666 


1-4 


19-912 


4-4 


62-682 


7-4 


106-261 


12*0 


170*678 


1-5 


21-834 


4-6 


64-004 


7-5 


106-674 


12*5 


177-790 


1-6 


22-767 


4-6 


66-426 


7-6 


108-096 


13*0 


184*901 


17 


24-179 


47 


66-849 


77 


109-518 


13-6 


192-013 


1-8 


26-601 


4-8 


68-271 


7-8 


110-940 


14-0 


199-124 


1-9 


27-024 


4-9 


69-603 


7-9 • 


112-863 


14-5 


206-236 


2-0 


28-446 


6-0 


71-116 


8-0 


118785 


15-0 


213-348 


2-1 


29-868 


6-1 


72-538 


8-1 


116*207 


15-5 


220-459 


2-2 


31-291 


6-2 


73-960 


8-2 


116-630 


16*0 


227-571 


2-8 


32713 


6-3 


75-382 


8-3 


118-052 


16-6 


234-682 


2-4 


34-136 


6-4 


76-805 


8-4 


119-474 


17-0 


241 -794 


2-5 


35 -658 


6-5 


78-227 


8-6 


120-897 


17-6 


248-906 


2-6 


36*980 


6-6 


79-649 


8-6 


122*319 


18*0 


256-017 


27 


38*402 


67 


81-072 


87 


123741 


18-5 


263-129 


2-8 


39-824 


6-8 


82-494 


8-8 


125*164 


19*0 


270 -240 


2-9 


41-247 


6*9 


83-916 


8-9 


126*586 


19-5 


277-362 


3 


42-669 


6-0 


86-339 


9-0 


128*008 


20-0 


284-464 



TABLE CXXII. — AREAS OF 8SOXENTS OF CIRCLES. 
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Table CXXII.— Areas of Segments of Circles. 

To find the area of any seffment of a circle,— Divide the versed sine 
pr height of the aegment (Y) by the diameter of the circle of which it 
is a psurt (D), and multiply the square of the diameter by the value of 

V 
e (see Table) corresponding to the value of -g- obtained ; that is, — 

Area of Segment— Diameter ^xx. 



V 




V 




V 




V 




j 


D 


X 


D 


X 


D 


X 


P 


X 


1 


•001 


•000042 


•088 


•009768 


•075 


•026761 


•112 


•048262 


•002 


•000119 


•089 


•010148 


•076 


•027289 


•113 


•048894 




•003 


•000219 


•040 


•010537 


•077 


•027821 


•114 


•049528 


i 


•004 


•000337 


■041 


•010931 


•078 


•028356 


•115 


•050165 


!■. 


•005 


•000470 


•042 


•011330 


•079 


•028894 


•116 


•050804 


[ 


•006 


•000618 


•043 


•011734 


•080 


•029435 


•117 


•051446 


1 


•007 


•000779 


•044 


•012142 


•081 


•029979 


•118 


•052090 


•008 


•000951 


•045 


•012654 


•082 


•030626 


•119 


•052736 


•009 


001135 


•046 


•012971 


•083 


•031076 


•120 


•063385 




•010 


•001329 


•047 


•013392 


•084 


•031629 


•121 


•054036 




•Oil 


•001533 


•048 


•018818 


•085 


•032186 


•122 


•054689 


1 


•012 


•001746 


•049 


•014247 


•086 


•032745 


•123 


•055345 


■,i 


•013 


•001968 


•050 


■014681 


■087 


•033307 


•124 


•056003 


j. 


•014 


•002199 


•051 


•015119 


•088 


•033872 


•125 


•056663 


3 • 


•015 


•002438 


•052 


•016561 


•089 


•084441 


•126 


•057326 


" 


•016 


•002685 


•053 


•016007 


•090 


•036011 


•127 


•057991 


j 


•017 


•002940 


•054 


•016467 


•091 


•035585 


•128 


•068668 


•018 


•003202 


•055 


•016911 


•092 


•036162 


•129 


•059327 


1 


•019 


•008471 


•056 


•017369 


•093 


•036741 


•130 


•059999 




•020 


•003748 


•057 


•017831 


•094 


•087323 


•131 


•060672 




•021 


•004031 


•058 


•018296 


•095 


•037909 


•182 


•061348 




•022 


•004322 


•059 


•018766 


•096 


•038496 


•133 


•062026 




•023 


•004618 


•060 


•019239 


•097 


•039087 


•134 


•062707 


I 


•024 


•004921 


•061 


•019716 


•098 


•039680 


•135 


•063389 


l| 


•025 


•005230 


•062 


•020196 


•099 


•040276 


•136 


•064074 


1 


•026 


•005646 


•063 


•020680 


•100 


•040875 


•137 


•064760 


1. 


•027 


•005867 


•064 


•021168 


•101 


•041476 


•138 


•065449 


( 


•028 


•006194 


•065 


•021659 


•102 


•042080 


.•139 


•066140 


• ! 


•029 


•006527 


■066 


•022154 


•103 


•042687 


•140 


•066833 




•030 


•006865 


•067 


•022652 


•104 


•048296 


•141 


•067528 




•031 


•007209 


•068. 


•023154 


•105 


•048908 


•142 


•068225 




■032 


•007558 


•069 


•023659 


•106 


•044522 


•143 


•068924 


i 


•033 


•007913 


•070 


•024168 


•107 


•045139 


•144 


•069625 


' 


•034 


•008273 


■071 


•024680 


•108 


•045759 


•145 


•070328 




•035 


•008638 


•072 


•025195 


•109 


•046381 


•146 


•071033 




•036 


•009008 


•073 


•025714 


•110 


•047005 


•147 


•071741 




•037 


•009383 


•074 


•026236 


•111 


•047632 


•148 


•072450 
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Table CXXII.— Areas of Segments of Cinles— continued. 



V 




V 




V 




V 




D 


X 


1> 


X 


D 


X 


D 


X 


•149 


•073161 


•193 


•106261 


•237 


•142387 


•281 


•180918 


•150 


•078874 


•194 


•107061 


•238 


•143238 


•282 


•181817 


•151 


•074689 
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No. 


Square 


Cub* 


Squre Root 


CabeRoot 


BMipiocia 


1 


1 


1 


1-0000000 


1-0000000 


1-000000000 


2 


4 


8 


1-4142136 


1-2599210 


•600000000 


3 


9 


27 


1-7320508 


1-4422496 


•888888883 


4 


16 


64 


20000000 


1-5874011 


•250000000 


5 


25 


125 


2-2360680 


1-7099759 


•200000000 


6 


36 


216 


2-4494897 


1-8171206 


•166666667 


7 


49 


843 


2-6457513 


1-9129812 


-142857148 


8 


64 


512 


2-8284271 


20000000 


•125000000 


9 


81 


729 


8-0000000 


20800887 


•111111111 


10 


100 


1000 


8-1622777 


21544347 


•100000000 


11 


121 


1331 


8-3166248 


2-2239801 


•090909091 


12 


144 


1728 


3-4641016 


2-2894286 


-083333333 


13 


169 


2197 


3-6055513 


2-3513347 


•076023077 


14 


196 


2744 


8-7416574 


2-4101422 


•071428671 


15 


225 


8875 


3-8729833 


2-4662121 


•066666667 


16 


256 


4096 


4-0000000 


2-5198421 


•062500000 


17 


289 


4913 


4-1231056 


2-5712816 


•068828629 


18 


824 


5832 


4-2426407 


2-6207414 


•065566666 


19 


361 


6859 


4-3588989 


2-6684016 


•062681679 


20 


400 


8000 


4-4721360 


2-7144177 


•060000000 


21 


441 


9261 


4-5825757 


2-7589243 


•047619048 


22 


484 


10648 


4-6904158 


2-8020393 


•046464545 


23 


529 


12167 


4-7958315 


2-8438670 


•043478261 


24 


676 


13824 


4-8989795 


2-8844991 


•041666667 


25 


625 


15625 


50000000 


29240177 


-040000000 


28 


676 


17576 


5-0990195 


2-9624960 


-088461688 


27 


729 


19683 


5-1961524 


3-0000000 


•087087087 


28 


784 


21952 


5-2915026 


30365889 


•036714286 


29 


841 


24389 


5-3851648 


8-0723168 


•034482769 


30 


900 


27000 


6-4772256 


31072325 


•033333883 


31 


961 


29791 


5-5677644 


3-1413806 


•032258066 


32 


1024 


32768 


5-6568542 


3-1748021 


•031250000 


33 


1089 


85937 


5-7445626 


3-2075343 


•030303080 


34 


1156 


39304 


6-8309519 


3-2396118 


•029411765 


85 


1225 


42875 


5-9160798 


3-2710663 


•028571429 


36 


1296 


46656 


60000000 


3-3019272 


•027777778 


37 


1869 


50653 


60827625 


3-3322218 


•027027027 


38 


1444 


54872 


6-1644140 


8-8619764 


•026315789 


39 


1521 


59319 


6-2449980 


3-8912114 


•025641026 


40 


1600 


64000 


6-8245553 


3-4199519 


•025000000 


41 


1681 


68921 


6-4031242 


8-4482172 


•024890244 


42 


1764 


74088 


6-4807407 


8-4760266 


•028809624 


43 


1849 


79507 


6-5574385 


8-5033981 


•023265814 


44 


1936 


85184 


6-6332496 


8^308488 


•022727273 


45 


2025 


91125 


67082089 


8-6568988 
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SQUARES, CUBES, BOOTS, AND BEOIFROGALS. 



No. 


Square 


Cube 


Square Root 


Cube Boot 


Redproeal 


49 


2116 


97386 


6-7823800 


8-6880479 


•O21789130 


47 


2209 


103823 


6-8556546 


8-6088261 


•021276600 


48 


2304 


110692 


6-9282032 


3-6342411 


•020833383 


4d 


2401 


117649 


7-0000000 


8-6693067 


•020408168 


60 


2500 


125000 


7-0710678 


8-6840314 


•O20O00000 


51 


2601 


132651 


7-1414284 


8-7084298 


•019607843 


52 


2704 


140608 


7-2111026 


8-7326111 


•019230769 


58 


2809 


148877 


7-2801099 


3-7562858 


•018867925 


54 


2916 


157464 


7*3484692 


8-7797631 


•018518619 


55 


3025 


166375 


7-4161986 


3-8029626 


-018181818 


56 


8136 


175616 


7-4833148 


3-8258624 


•017857143 


57 


8249 


185193 


7-5498344 


3-8485011 


•017648860 


58 


8364 


196112 


7-6157731 


3-8708766 


-017241379 


59 


8481 


205379 


7-6811457 


8-8929965 


•016949153 


60 


3600 


216000 


7-7459667 


3-9148676 


•016666667 


61 


8721 


226981 


7-8102497 


3-9364972 


•016393443 


62 


3844 


238328 


7-8740079 


3-9578915 


•016129082 


68 


3969 


260047 


7-9372539 


3-9790571 


-016873016 


64 


4096 


262144 


8-0000000 


4-0000000 


•015625000 


65 


4^5 


274625 


80622677 


4-0207256 


•015384615 


66 


4356 


287496 


8-1240384 


40412401 


•015151515 


6/ 


4489 


300763 


8-1853528 


4-0615480 


-0149^378 


68 


4624 


814432 


8-2462113 


4-0816551 


-014706882 


69 


4761 


328609 


8-3066239 


4-1015661 


•014492754 


70 


4900 


343000 


8-3666003 


4-1212853 


-014286714 


71 


5041 


367911 


8-4261498 


4-1408178 


•014084507 


72 


5184 


373248 


8-4862814 


4-1601676 


•013888889 


78 


5329 


389017 


8-6440037 


4-1793392 


•O13698630 


74 


5476 


406224 


8-6023253 


4-1983364 


•013513514 


76 


5625 


421875 


8-6602540 


4-2171633 


•013833338 


76 


5776 


438976 


8-7177979 


4-2358236 


•013157895 


77 


5929 


466533 


8-7749644 


4-2543210 


•012987013 


78 


6084 


474562 


8-8317609 


4-2726686 


•012820513 


79 


6241 


493039 


8-8881944 


4-2908404 


•012658228 


80 


6400 


512000 


8-9442719 


4-3088695 


•012500000 


81 


6561 


531441 


9-0000000 


4-3267487 


•012346679 


82 


6724 


561368 


90563851 


4-3444815 


•012196122 


83 


6889 


671787 


9-1104336 


4-3620707 


•012048198 


84 


7056 


592704 


9-1651514 


4-3795191 


•011904762 


85 


7225 


614125 


9-2195446 


4-3968296 


•011764706 


86 


7396 


636066 


9-2736185 


4-4140049 


•O11627907 


87 


7569 


658503 


9-8278791 


4-4310476 


•011494253 


88 


7744 


681472 


9-8808315 


4-4479602 


•011363636 


89 


7921 


704969 


9-4339811 


4-4647451 


•011285965 


90 


8100 


729000 


9-4868330 


4-4814047 


-OUlllUl 


91 


8281 


753671 


9-5393920 


4-4979414 


•O109890U 


92 


8464 


778688 


9-5916630 


4-6143574 


•010869665 


98 


8649 


•804867 


9-6436608 


4-5306549 


•010752688 


94 


8836 


880584 


9*6958597 


4-5468859 


•010688296 



SQUABKfly CUBES, BOOTS, AND BEGIPBOCAI.& 
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No. 


Sqiumi 


Cube 


Square Boot 


Cube Boot 


Beeiproeel 


95 


9025 


857S75 


9-7467948 


4-5629026 


-010626316 


96 


9216 


884786 


9-7979690 


4-5788570 


•010416667 


97 


9409 


912673 


9-8488578 


4-6947009 


•010309278 


98 


9604 


941192 


9-8994949 


4-6104363 


•010204082 


99 


9801 


970299 


9-9498744 


4-6260650 


•010101010 


100 


10000 


1000000 


lOOOOOOOO 


4-6415888 


•010000000 


101 


10201 


1030301 


10-0498766 


4-6570095 


•009900990 


102 


10404 


1061208 


10-0995049 


4-6723287 


•009803922 


103 


10609 


1092727 


101488916 


4-6875482 


•009708788 


104 


10816 


1124864 


10-1980390 


4-7026694 


•009616385 


105 


11025 


1157625 


10-2469508 


4-7176940 


•009623810 


106 


11236 


1191016 


10-2966301 


4-7826235 


•009438962 


107 


11449 


1225043 


10-3440804 


4-7474694 


•009345794 


108 


11664 


1259712 


10-8923048 


47622032 


•009269259 


109 


11881 


1296029 


10-4408066 


4-7788562 


•009174312 


110 


121O0 


1331000 


10-4880886 


47914199 


-009090909 


111 


12821 


1367631 


10-5366688 


4-8068965 


•009009009 


112 


12544 


1404928 


10-6880062 


4-8202846 


•008928571 


113 


12769 


1442897 


10-6301468 


4-8346881 


•008849568 


lU 


12996 


1481544 


10-6770783 


4-8488076 


•008771980 


115 


13225 


1520875 


10-7238053 


4-8629442 


•003696662 


116 


13456 


1560896 


10-7708296 


4-8769990 


•008620690 


117 


13689 


1601613 


10-8166588 


4-8909782 


•008547009 


118 


13924 


1643032 


10-8627805 


4-9048681 


-008474576 


119 


14161 


1685159 


10-9087121 


4-9186847 


-008403361 


120 


14400 


1728000 


10-9544512 


4-9324242 


•008333383 


121 


14641 


1771561 


11-0000000 


4-9460874 


-008264463 


122 


14884 


1815848 


11-0463610 


4-9596757 


•008196721 


123 


15129 


1860867 


11-0905365 


4-9731898 


•008130081 


124 


15376 


1906624 


11-1856287 


4-9866310 


•008064516 


125 


15625 


1953125 


111803399 


50000000 


•008000000 


126 


15876 


2000376 


11-2249722 


5-0132979 


•007936608 


127 


16129 


2048383 


11-2694277 


5-0265257 


-007874016 


128 


16384 


2097152 


11-3187085 


5-0396842 


-007812600 


129 


16641 


2146689 


11-3578167 


50527743 


, -007761988 


130 


16900 


2197000 


11-4017543 


5-0667970 


•007692308 


131 


17161 


2248091 


11-4455231 


6-0787631 


-007633588 


132 


17424 


2299968 


11-4891263 


5-0916434 


-00757575S 


133 


17689 


2352637 


11-5326626 


5-1044687 


•007518797 


134 


17956 


2406104 


11-6768369 


5-1172299 


•007462687 


135 


18225 


2460375 


11-6189500 


5-1299278 


•007407407 


136 


18496 


2515456 


11-6619088 


5-1426632 


-007352941 


137 


18769 


2571363 


11-7046999 


5-1561367 


•007299270 


138 


19044 


2628072 


11-7473401 


6-1676493 


•007246377 


139 


19821 


2685619 


11-7898261 


5-1801016 


•007194246 


140 


19600 


2744000 


11-8321596 


6-1924941 


-007142867 


141 


19881 


28aH221 


11-8743422 


5-2048279 


•007092199 


142 


20164 


2863288 


11-9168763 


5-2171084 


-007042264 


143 


20449 


2924207 


11-9582607 


5-2293216 


•006993007 
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SQUARESy CUBES, BOOTS, AND BECIPBOCALS. 



Nd. 


Sqnue 


Cube 


Squire Root 


Cube Root 


BeciprocBl 


144 


20736 


2986984 


12-0000000 


6-2414828 


•006944444 


146 


21025 


8048626 


12-0415946 


6-2635879 


■006896562 


146 


21316 


8112136 


12-0830460 


6-2656374 


•006849315 


147 


21609 


3176523 


12-1213557 


6-2776321 


•006802721 


148 


21904 


8241792 


12-1655251 


6-2896725 


•006756767 


149 


22201 


3307949 


12-2065566 


6-3014692 


•006711409 


160 


22500 


3376000 


12-2474487 


6-3132928 


•006666667 


151 


22801 


3442961 


12-2882057 


6-3250740 


•006622617 


152 


23104 


8511808 


12-3288280 


6-3368033 


•006578947 


153 


23409 


3681577 


12-3693169 


6-3484812 


•006635948 


154 


23716 


8652264 


12-4096736 


6-3601084 


•006493506 


165 


24025 


3723875 


12-4498996 


6-3716854 


•006461613 


166 


24336 


3796416 


12-4899960 


6-3832126 


•006410266 


157 


24649 


3869893 


12-5299641 


6-3946907 


•006369427 


168 


24964 


3944312 


12-5698051 


5-4061202 


•006329114 


159 


25281 


4019679 


12-6095202 


6-4175015 


•006289308 


160 


25600 


4096000 


12-6491106 


6-4288352 


•006250000 


161 


25921 


4173281 


12-6885776 


6-4401218 


•006211180 


162 


26244 


4251528 


12-7279221 


6-4613618 


•006172840 


163 


26569 


4330747 


12-7671453 


6-4625556 


•006134969 


164 


26896 


4410944 


12-8062485 


5-4737037 


•006097661 


165 


2/226 


4492125 


12-8452326 


6-4848066 


•006060606 


166 


27556 


4574296 


12-8840987 


6-4958647 


•006024096 


167 


27889 


4667463 


12-9228480 


6-5068784 


•005988024 


168 


28224 


4741632 


12-9614814 


6-5178484 


•006962381 


169 


28561 


4826809 


130000000 


6-5287748 


•005917160 


170 


28900 


4913000 


13-0384048 


6-6396683 


•005882363 


171 


29241 


6000211 


13-0766968 


6-5604991 


•006847958 


172 


29584 


6088448 


13-1148770 


6-5612978 


•005818963 


173 


29929 


6177717 


131529464 


5-5720546 


•005780347 


174 


30276 


6268024 


13-1909060 


5-5827702 


•005747126 


176 


30625 


6359376 


13-2287666 


6-5934447 


•005714286 


176 


30976 


5451776 


13-2664992 


6-6040787 


•005681818 


177 


81329 


6545233 


13-3041347 


6-6146724 


•005649718 


178 


31684 


6639752 


13-3416641 


6-6252263 


•005617978 


179 


32041 


6735339 


13-3790882 


6-6357408 


•006686592 


180 


32400 


6832000 


13-4164079 


6-6462162 


•005566656 


181 


82761 


6929741 


13-4536240 


5-6566528 


•006524862 


182 


33124 


6028568 


13-4907376 


6-6670511 . 


•005494505 


183 


33489 


6128487 


13-5277493 


6-6774114 


•005464481 


184 


33856 


6229504 


13-6646600 


5-6877340 


•005434783 


186 


34225 


6331626 


13-6014706 


6-6980192 


•005406405 


186 


34596 


6434856 


13-6381817 


5-7082675 


'006376344 


187 


34969 


6539203 


13-6747943 


6-7184791 


•006347694 


188 


35344 


6644672 


13-7113092 


6-7286543 


•006319149 


189 


35721 


6751269 


13-7477271 


6-7387936 


•006291005 


\fx 


86100 


6859000 


13-7840488 


6-7488971 


•005268158 


36481 


6967871 


13-8202750 


6-7689652 


•005236602 


192 


86864 


7077888 


13-8664065 


6-7689982 


•006208333 



SQUAfiXSy CUBES, BOOTS, AKD BSaPBOGALS. 
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Na 


Sqnan 


Cube 


Square Root 


CabeRoot 




193 


87249 


7189057 


18*89244i0 


6-7789966 


•006181347 


194 


87636 


7301884 


13-9283883 


6-7889604 


•0051546^ 


195 


88025 


7414875 


18-9642400 


5-7988900 


•005128205 


196 


88416 


7529536 


140000000 


6-8087857 


•005102041 


197 


88809 


7645373 


14-0356688 


5-8186479 


•005076142 


198 


89204 


7762392 


14-0712473 


5-8284767 


•005050505 


199 


89601 


7880599 


14-1067360 


5-8382725 


•005025126 


200 


40000 


8000000 


14-1421356 


6-8480365 


•005000000 


201 


40401 


8120601 


14-1774469 


5-8577660 


•004975124 


202 


40804 


8242408 


14-2126704 


5-8674643 


•004950495 


203 


41209 


8365427 


14-2478068 


6-8771307 


•004926108 


204 


41616 


8489664 


14-2828569 


5-8867653 


•004901961 


205 


42025 


8615125 


14-3178211 


5-8963685 


•004878049 


206 


42436 


8741816 


14-8527001 


5-9059406 


-004854369 


207 


42849 


8869743 


14-3874946 


6-9164817 


•004830918 


208 


43264 


8998912 


14-4222051 


6-9249921 


•004807692 


209 


48681 


9129329 


14-4568323 


6-9344721 


•004784689 


210 


44100 


9261000 


14-4913767 


6-9489220 


•004761905 


211 


44521 


9393931 


14-5258390 


6-9538418 


•004739336 


212 


44944 


9528128 


14-5602198 


5-9627820 


•004716981 


213 


45369 


9663597 


14-5945195 


5-9720926 


•00469488C 


214 


45796 


9800344 


14-6287388 


5-9814240 


•004672897 


215 


46225 


9938375 


14-6628783 


5-9907264 


•004651163 


216 


46656 


10077696 


14-6969385 


6-0000000 


•004629630 


217 


47089 


10218313 


14-7309199 


6-0092450 


•004608295 


218 


47524 


10360232 


14-7648281 


6-0184617 


-004587156 


219 


47961 


10503469 


14-7986486 


60276602 


•004566210 


220 


4840O 


10648000 


14-8328970 


6-0368107 


-004545455 


221 


48841 


10793861 


14-8660687 


6-0459435 


•004524887 


222 


49284 


10941048 


14-8996644 


6-0550489 


•004504505 


223 


49729 


11089567 


14-9331845 


60641270 


-004484305 


224 


60176 


11239424 


14-9666295 


6-0731779 


•004464286 


225 


50625 


11390625 


15-0000000 


6-0822020 


•004444444 


226 


61076 


11543176 


15-0332964 


6-0911994 


•004424779 


227 


51529 


11697083 


15-0665192 


6-1001702 


•004405286 


228 


61984 


11862352 


150996689 


6-1091147 


•004385965 


229 


52441 


12008989 


16-1327460 


6-1180332 


-004366812 


230 


52900 


12167000 


15-1657509 


6-1269257 


•004347826 


231 


53361 


12326391 


15-1986842 


6-1357924 


•004329004 


232 


53824 


12487168 


15-2315462 


6-1446337 


-004310345 


233 


,64289 


12649337 


15-2643375 


6-1634495 


•004291845 


234 


64756 


12812904 


15-2970586 


61622401 


•004273504 


235 


65225 


12977875 


15-3297097 


6-1710058 


•004255319 


236 


66696 


13144256 


15-3622915 


6-1797466 


•004237288 


237 


66169. 


13312063 


15-3948043 


6-1884628 


•004219409 


238 


66644 


13481272 


15-4272486 


61971544 


•004201681 


239 


67121 


13651919 


15-4596248 


6-2058218 


•004184100 


240 


67600 


13824000 


15-4919334 


6-2144650 


•004166667 


241 


68061 


13997521 


16-5241747 


6-2230843 


•004149378 



ElBS, CUBWBf 


BOOTS, AlfD 


BECIPBOOALS. 


Cube 


Square Root 


Cube Boot 


Rodprocil 


14172488 


15-5663492 


6-2316797 


•004132231 


14348907 


16-6884573 


6-2402615 


•004116226 


14626784 


16-6204994 


6-2487998 


•004098861 


14706125 


15-6524758 


6-2673248 


•004081683 


14886936 


15-6843871 


6-2658266 


-004066041 


16069223 


15-7162386 


6-2743054 


•004048588 


15252992 


15-7480167 


6-2827613 


•004032258 


16438249 


157797388 


6-2911946 


•004016064 


16625000 


15-8118883 


6-2996053 


-004000000 


15813261 


16-8429795 


6-3079935 


•008984064 


16003008 


15-8745079 


6-3163596 


•003968254 


16194277 


15-9059737 


6-3247035 


•0039S2669 


16387064 


15-9373776 


6-3330256 


•OO3937006 


16581375 


15-9687194 


6-3418267 


•OOS921569 


16777216 


16-0000000 


6-3496042 


•OO8906250 


16974593 


16-0312195 


6-3678611 


•O08891051 


17173512 


16-0623784 


6-3660968 


•OO3876069 


17373979 


16-0934769 


6-3743111 


•008861004 


17576000 


16-1246166 


6-3825043 


•003846154 


17779581 


16-1654944 


6-3906765 


•003881418 


17984728 


16-1864141 


6-3988279 


•003816794 


18191447 


16-2172747 


6-4069585 


•003802281 


18399744 


16-2480768 


6-4160687 


•003787879 


18609625 


16-2788-206 


6-4231583 


•003778585 


18821096 


16-3095064 


6-4312-276 


•003769898 


19034163 


16-3401346 


6-4392767 


•008745318 


19248832 


16-3707055 


6-4473067 


•003731848 


19465109 


16-4012195 


6-4553148 


-003717472 


19683000 


16-4316767 


6-4633041 


•003708704 


19902511 


16-4620776 


6-4712736 


•003690037 


20123648 


16-4924225 


6-4792236 


•003676471 


20346417 


16-5227116 


6-4871541 


•003668004 


20570824 


16-6629464 


6-4950653 


-003648635 


20796875 


16-5831240 


6-6029672 


•003636S64 


21024576 


16-6132477 


6-6108300 


•003628188 


21263933 


. 16-6433170 


6-5186839 


•OO361O108 


21484952 


16-6733320 


6-5266189 


•003597122 


21717639 


16-7032981 


6-5343361 


-003684229 


21952000 


16-7332005 


6-5421326 


•003671429 


22188041 


16-7630646 


6-5499116 


•003568719 


22425768 


16-7928666 


6-6676722 


•003646099 


22666187 


16-8226033 


6-5664144 


-003638569 


22906304 


16-8622995 


6-6731385 


•003621127 


23149125 


16-8819430 


6-5808443 


■003508772 


23393656 


16-9115346 


6-5886323 


•OO3496508 


23639903 


16-9410743 


6-5962023 


•003484881 


23887872 


16-9705627 


6-6038545 


•008478222 


24137669 


17-0000000 


6-6114890 


•OO3460206 


24389000 


17-0298864 


6-6191060 


•008448276 



SQUARSB, CtJBBS, BOOTS, AND ftKCIPBOCAIB. 



379 



Na 


Squra 


Cube 


SqnanBoot 


Cube Boot 


Beciproeal ' 


291 


84081 


24642171 


170687221 


6-6267054 


•008436426 


292 


86264 


24897088 


17-0880075 


6*6842874 


•003424658 


293 


85849 


26158767 


171172428 


6-6418522 


. ^003412969 


294 


86436 


26412184 


17-1464282 


6-6493998 


•008401361 


295 


87025 


25672375 


171766640 


6*6569302 


•003389831 


296 


87616 


26934336 


17-2046606 


6*6644437 


•003878378 


297 


88209 


26198073 


17-2336879 


6*6719403 


-003867008 


298 


88804 


26468592 


17*2626766 


6*6794200 


•003865705 


299 


89401 


26730899 


17-2916165 


6-6868831 




300 


90000 


27000000 


17-8206081 


6-6943295 


-003838333 


301 


90601 


27270901 


17-8498516 


67017693 


•003322269 


302 


91204 


27643608 


17-8781472 


6-7091729 


•003811268 


303 


91809 


27818127 


17-4068962 


67165700 


•003300330. 


304 


92416 


28094464 


17-4865968 


6*7239508 


-003289474 


305 


93025 


28372625 


17-4642492 


6-7313165 


•003278689 


306 


93636 


28662616 


17-4928567 


6-7386641 


-003267974 


307 


94249 


28934443 


17-6214166 


6-7459967 


•003257329 


308 


94864 


29218112 


17-6499288 


6-7533134 


•003246753 


309 


95481 


29508629 


17-5788958 


6-7606143 


•003236246 


310 


96100 


29791000 


17-6068169 


6-7678995 


•003226806 


311 


96721 


30080281 


17*6351921 


67751690 


•003216484 


312 


97344 


80371328 


17-6636217 


6*7824229 
6-7896613 


•003205128 


313 


97969 


30664297 


17-6918060 


•003194888 


314- 


98596 


30959144 


177200461 


67968844 


-003184713 


315 


99225 


81266875 


17-7482393 


6*8040921 


•003174603 


316 


99856 


31564496 


17-7768888 


6*8112847 


•003164557 


317 


100489 


81855013 


17-8044988 


6*8184620 


•003154674 


318 


101124 


32157432 


17-8825546 


6*8256242 


•003144664 


319 


101761 


82461759 


17*8605711 


6*8827714 


•003134796 


320 


102400 


82768000 


17*8885488 


6*8399037 


•003125000 


321 


103041 


82076161 


17-9164729 


6*8470213 


-003115265 


322 


108684 


33386248 


17-9448684 


6*8541240 


•003106690 


323 


104329 


83698267 


17-9722008 


6*8612120 


•003095975 


324 


104976 


84012224 


18-0000000 


6*8682855 


•003086420 


325 


105625 


34328125 


18-0277564 


6*8753443 


•003076923 


326 


106276 


34646976 


18*0654701 


6*8823888 


•003067485 


327 


106929 


84966783 


18-0831413 


6*8894188 


•003058104 


328 


107584 


86287562 


18*1107703 


6*8964346 


•003048780 


329 


108241 


86611289 


181383671 


6*9034359 


•003039514 


330 


108900 


86937000 


18-1669021 


6*9104232 


•003030303 


331 


109561 


36264691 


18*1984064 


6*9173964 


•003021148 


332 


110224 


86594368 


18-2208672 


6*9243656 


•003012048 


333 


110889 


86926087 


18-2482876 


6-9313008 


•003008003 


334 


111556 


87269704 


18*2756669 


6*9382321 


•002994012 


335 


112225 


87696375 


183080052 


6-9451496 


•002985075 


336 


112896 


87988056 


18*8303028 


6*9520533 


•00W6190 


337 


113569 


88272758 


18*3675598 


6*9589484 


•00*2967869 


338 


114244 


88614472 


18*8847768 


6-9658198 


•002968580 


339 


114921 


88968219 


18-4119626 


6-9726826 


•002949868 



ddo 



6QtrARlfi8, CtTBfiS, fiOOtiS, ANt> ltlBCtPBOCfAt.8. 



No. 


Sqwm 


Cube 


Square Root 


Cube Boot 


Bedprocil 


840 


115600 


39304000 


18-4390889 


6-9796321 


•002941176 


841 


116281 


89651821 


18-4661858 


6-9863681 


•002932551 


342 


116964 


40001688 


18-4932420 


6-9931906 


•002923977 


343 


117649 


40353607 


18-5202692 


7-0000000 


•002915452 


344 


118336 


40707684 


18-6472370 


7-0067962 


•002906977 


346 


119025 


41063625 


18-6741766 


7-0185791 


•002898551 


846 


119716 


41421786 


18 •6010752 


7-0208490 


•002890173 


847 


120409 


41781923 


18-6279360 


7-0271058 


•002881844 


848 


121104 


42144192 


18-6647681 


7-0338497 


•002878668 


849 


121801 


42608549 


18-6815147 


7-0405806 


•002865390 


350 


122500 


42875000 


18-7082869 


7-0472987 


•002857148 


351 


123201 


43243551 


18-7349940 


7-0540041 


•002849003 


352 


123904 


43614208 


18-7616680 


7-0606967 


•OO2840909 


853 


124609 


43986977 


18-7882942 


7-0673767 


•002882861 


354 


126316 


44361864 


18-8148877 


7-0740440 


•002824869 


355 


126025 


44738876 


18-8414437 


7-0806988 


•002816901 


356 


126736 


45118016 


18-8679623 


7-0873411 


•002808989 


357 


127449 


46499293 


18-8944486 


7-0939709 


•OO28O1120 


858 


128164 


46882712 


18-9208879 


7-1006886 


•002798296 


359 


128881 


46268279 


18-9472963 


7-1071937 


•002786516 


360 


129600 


46656000 


18-9736660 


7-1137866 


•002777778 


361 


180321 


47045881 


190000000 


7-1203674 


-002770088 


362 


181044 


47437928 


19-0262976 


7-1269360 


•002762481 


363 


131769 


47832147 


19-0626589 


7-1334926 


•002764821 


364 


182496 


48228544 


19-0787840 


7-1400370 


•00274?263 


365 


133226 


48627125 


19-1049732 


7-1466696 


•002739726 


366 


133956 


49027896 


19-1311265 


7-1630901 


•002782240 


867 


134689 


49430863 


19-1572441 


7 •1596988 


•002724796 


868 


136424 


49836032 


19-1833261 


7-1660967 


•002717391 


869 


136161 


50243409 


19-2093727 


7-1726809 


•002710027 


870 


136900 


50653000 


19-2353841 


71790644 


•OO27O2708 


371 


137641 


61064811 


19-2613603 


7-1865162 


•002695418 


872 


138884 


51478848 


19-2873015 


7-1919663 


•002688172 


373 


139129 


61895117 


19-3132079 


7-1984060 


•002680965 


374 


139876 


52813624 


19-3390796 


7-2048322 


•002678797 


376 


140626 


62734375 


19-3649167 


7-2112479 


•002666667 


376 


141376 


53157376 


19-3907194 


7-2176622 


•002669674 


377 


142129 


53582633 


19-4164878 


7-2240450 


•002652520 


378 


142884 


64010162 


19-4422221 


7-2304268 


•002646603 


379 


143641 


54439939 


19-4679223 


7-2367972 


•002638622 


380 


144400 


54872000 


19-4935887 


7-2431565 


•002631579 


381 


146161 


56306341 


19-6192213 


7-2496045 


•002624672 


382 


146924 


55742968 


19-6448208 


7-2668416 


•002617801 


383 


146689 


66181887 


19-5703858 


7-2621676 


•002610966 


384 


147456 


56623104 


19-6969179 


7-2684824 


•002604167 


385 


148225 


57066625 


19-6214169 


7-2747864 


-002597403 


386 


148996 


57612456 


19-6468827 


7-2810794 


•002590674 


387 


149769 


67960603 


19-6728156 


7-2878617 


•002688979 


388 


160544 


68411072 


19-6977166 


7-2936830 


•002677820 





BQUABKS, CUBES, BOOTS, AND 


BICIPB0CAL8. 381 


No. 


Square 


Cube 




CnlMRoot 


Beciprocal 


389 


U1321 


58868869 


19-7230829 


7-2998936 


•002570694 


390 


162100 


59819000 


19-7484177 


7-3061436 


•002664108 


391 


152881 


59776471 


19773n99 


7-3123828 


•002557545 


392 


158664 


60236288 


197989899 


7-3186114 


•002661020 


393 


164449 


60698457 


19-8242276 


7-3248295 


•002544529 


394 


166296 


61162984 


19-8494332 


7-3310369 


•002538071 


395 


166025 


61629875 


19-8746069 


7-3372339 


•002531646 


396 


166816 


62099136 


19-8997487 


7-3434205 


-002625263 


397 


167609 


62670773 


19-9248588 


7-3495966 


•002518892 


398 


168404 


63044792 


19-9499373 


7-3557624 


•002512663 


399 


159201 


63521199 


19-9749844 


7-3619178 


•002506266 


400 


160000 


64000000 


20-0000000 


7-3680630 


•002600000 


401 


160801 


64481201 


20-0249844 


7-3741979 


•002493766 


402 


161604 


64964808 


20-0499377 


7-3803227 


•002487562 


403 


162409 


65450827 


200748599 


7-3864873 


•002481390 


404 


168216 


65939264 


20-0997512 


7-3925418 


-002475248 


405 


164025 


66430125 


20-1246118 


7-3986363 


-002469136 


406 


164836 


66923416 


20-1494417 


7-4047206 


•002463064 


407 


166649 


67419143 


20-1742410 


7-4107950 


•002467002 


408 


166464 


67917312 


20-1990099 


7-4168695 


•002460980 


409 


1672«1 


68417929 


20-2237484 


7-4229142 


•002444988 


410 


168100 


68921000 


20-2484567 


7-4289589 


-002439024 


411 


168921 


69426531 


20-2731349 


7-4349938 


•002433090 


412 


icrr-A 


69934528 


20-2977831 


7-4410189 


-002427184 


413 


irof^oH 


70444997 


20-3224014 


7-4470342 


•002421308 


414 


17]S9fi 


70957944 


20-3469899 


7-4580399 


•002415469 


415 


1722'^5 


71473375 


20-3715488 


7-4690369 


•002409639 


416 


17:^05t> 


71991296 


20-3960781 


7-4650223 


•002403846 


417 


17^859 


72511713 


20-4205779 


7-4709991 


•002398082 


418 


174 7 '^4 


73034632 


20-4450483 


7-4769664 


•002392344 


419 


1755fJl 


73560059 


20-4694895 


7-4829242 


•002386635 


420 


17G40O 


74088000 


20-4989015 


7-4888724 


•002880952 


421 


177241 


74618461 


20-5182845 


7-4948113 


•002376297 


422 


17&034 


75151448 


20-5426386 


7-5007406 


•002369668 


423 


178929 


75686967 


20-5669638 


7-5066607 


•002364066 


424 


179776 


76225024 


20-5912603 


7-6126715 


•002368491 


425 


180625 


76765625 


20-6155281 


7-5184730 


•002362941 


426 


181476 


77308776 


20-6397674 


7-5243662 


•002347418 


427 


182329 


77854483 


20-6689783 


7-5302482 


•002341920 


428 


183184 


78402752 


20-6881609 


7-6361221 


•002336449 


429 


184041 


78958589 


20-7323162 


7-5419867 


•002331002 


430 


184900 


79507000 


20-7364414 


7-5478423 


•002326681 


431 


185761 


80062991 


20-7605395 


7-5636888 


•002320186 


432 


186524 


80621568. 


20-7846097 


7-6596263 


•002314815 


433 


187489 


81182737 


20-8086520 


7-6653548 


•002309469 


434 


188.156 


81746504 


20-8326667 


7-6711743 


•002304147 


435 


1&9225 


82312875 


20-8666586 


7-6769849 


•002298861 


436 


1900^^6 


82881856 


20-8806130 


7-6827865 


•002293678 


437 


190969 


83453453 


20-9045460 


7-5886793 


•002288330 



382 



8QUAB1B, OUBXSy BOOTS, AND B10IPBO0AL8. 



No. 


Sqnwe 


Cube 


84iianRoot 


GnbeBoot 


Bedpnwtl 


488 


191844 


84027672 


20-9284495 


7-5948633 


•OO2283106 


489 


192721 


84604519 


20-9623268 


7-6001386 


*OO2277004 


440 


198600 


85184000 


20-9761770 


7-6059049 


•002272727 


441 


194481 


85766121 


21-0000000 


7-6116626 


•002267574 


442 


195864 


86360888 


21-0237960 


7-6174116 


•O0226244S 


443 


196249 


86938307 


21-0475652 


7*6231519 


•002257886 


444 


197186 


87528384 


21-0713075 


7-6288837 


-002252252 


446 


198025 


88121125 


21-0960231 


7-6346067 


•00224n91 


446 


198916 


88716536 


21-1187121 


7-6403213 


-002242152 


447 


199809 


89314628 


211428745 


7-6460272 


•00223n36 


448 


200704 


89915392 


21-1660106 


7-6517247- 


•002232143 


449 


201601 


90518849 


21-1896201 


7-6574138 


-002227171 


460 


202600 


91126000 


21-2132034 


7-6630943 


•002222222 


461 


203401 


91783851 


21-2367606 


7-6687665 


•002217295 


462 


204304 


92346408 


21-2602916 


7-6744803 


-002212889 


468 


205209 


92959677 


21-2837967 


7-6800857 


•002207506 


464 


206116 


93576664 


21-3072758 


7-6857328 


•002202648 


465 


207026 


94196375 


21-3307290 


7-6918T17 


•002197802 


466 


207936 


94818816 


21-3541565 


7-6970023 


•002192982 


467 


208849 


96443998 


21-3775583 


7-7026246 


-002188184 


468 


209764 


96071912 


21-4009346 


77082388 


-002188406 


469 


210681 


96702679 


21-4242853 


7-7138448 


•002178649 


460 


211600 


97336000 


21-4476106 


7-7194426 


•002173918 


461 


212621 


97972181 


21-4709106 


7-7260325 


•002169197 


462 


213444 


98611128 


21-4941853 


7-7306141 


•002164602 


468 


214369 


99252847 


21-6174848 


7-7861877 


•002159827 


464 


216296 


99897344 


21-6406592 


7-7417532 


•002165172 


466 


216225 


100544625 


21-6638687 


7-7478109 


•002160688 


466 


217156 


101194696 


21-6870831 


7-7528606 


•002145928 


467 


218089 


101847568 


21-6101828 


7-7684023 


•002141828 


468 


219024 


102603282 


21-6833077 


77639361 


•002186762 


469 


219961 


103161709 


21-6564078 


77694620 


•002132196 


470 


220900 


103823000 


21-6794834 


7-7749801 


•002127660 


471 


221841 


104487111 


21-7026844 


7-7804904 


•002128142 


472 


222784 


105154048 


21-7255610 


7-7859928 


•002118644 


473 


223729 


105823817 


21-7485632 


7-7914875 


•002U4165 


474 


224676 


106496424 


21-7715411 


7-7969745 


•002109705 


%l 


226625 


107171875 


21-7944947 


7-8024538 


•002105963 


226676 


107850176 


21-8174242 


7-8079254 


•002100840 


477 


227529 


108631333 


21-8403297 


7-8133892 


•002096436 


478 


228484 


109215352 


21-8632111 


7-8188456 


•OO2O92060 


479 


229441 


109902239 


21-8860686 


7-8242942 


•002087683 


480 


230400 


110592000 


21-9089023 


7-8297353 


•002088338 


481 


231361 


111284641 


21-9317122 


7-8361688 


•OO2O79002 


482 


232324 


111980168 


21 •9544984 


7-8406949 


•002074689 


483 


233289 


112678687 


21-9772610 


7-8460134 


•002070898 


484 


234266 


113379904 


22-0000000 


7-8514244 


•O020661I6 


485 


236225 


114084125 


22-0227155 


7-8568281 


•O02061856 


486 


286196 


114791256 


22-0454077 


7-8622242 


•O02057613 



aQUABlS, CUBS8, BOOTB, AND BSGZPBOCALB. 



No. 


Stpmn 


Cube 




CnbeBoot 


BeclprocAl 


487 


2S710O 


116601808 


22*0680766 


7-8676180 


-002068888 


488 


238144 


116214272 


22-0907220 


7-8729944 


•002049180 


489 


239121 


116930169 


22ai33444 


7-8788684 


•002044990 


490 


24ai00 


117649000 


22-1859436 


7-8837352 


•002040816 


491 


241081 


118870771 


221586198 


7*8890946 


•002036660 


492 


242064 


119006488 


221810730 


7-8944468 


•002082520 


493 


249049 


119828157 


22-2036033 


7-8997917 


•002028898 


494 


244036 


120563784 


22-2261108 


7-9061294 


•002024291 


495 


246025 


121287376 


22-2486955 


7*9104599 


-002020202 


496 


240016 


122023986 


22-2710575 


7-9157832 


-002016129 


497 


247009 


122768473 


22-2934968 


7-9210994 


-002012072 


498 


248004 


123505992 


22-8159136 


7-9264085 


•002008032 


499 


249001 


124251499 


22-3383079 


7-9817104 


•002004008 


500 


260000 


125000000 


22-3606798 


7-9370053 


•002000000 


501 


261001 


125751501 


22-8830293 


7-9422931 


•001996008 


502 


252004 


126506008 


22-4053565 


7-9475739 


•001992032 


503 


269009 


127263527 


22-4276615 


7-9528477 


•001988072 


504 


264016 


128024064 


22-4499443 


7-9581144 


-001984127 


505 


266025 


128787625 


22-4722061 


7-9638748 


-001980198 


506 


250036 


129554216 


22-4944438 


7-9686271 


•001976286 


607 


267049 


130323848 


22-5166605 


7-9738731 


-001972387 


508 


268064 


131096512 


22-5388563 


7-9791122 


-001968604 


5(» 


269081 


131872229 


22-5610283 


7-9843444 


-001964637 


510 


260100 


132651000 


22-5831796 


7-9895697 


•001960784 


511 


261121 


138432831 


22-6053091 


7-9947888 


-001966947 


512 


262144 


134217728 


22-6274170 


8-0000000 


-001953125 


513 


268169 


185005697 


22-6495033 


8-0052049 


•001949318 


514 


264196 


136796744 


22-6716681 


8-0104032 


-001945526 


515 


266226 


136600876 


22-6936114 


8-0155946 


•001941748 


516 


266266 


137388096 


.22-7156334 


8-0207794 


•0019S7984 


517 


267289 


138188413 


22-7376340 


8-0259574 


•001934236 


518 


268824 


138991832 


22-7596134 


8-0311287 


•001930502 


519 


269861 


139798359 


227816715 


8-0362935 


•001926782 


520 


270400 


140608000 


22-8036086 


8-0414516 


-001923077 


521 


271441 


141420761 


22-8254244 


8-0466030 


•001919386 


522 


272484 


142236648 


22-8473193 


8-0617479 


•001915709 


523 


278629 


143055667 


22-8691933 


80568862 


•001912046 


524 


274676 


143877824 


22-8910463 


8-0620180 


•001908397 


525 


276626 


144703125 


22-9128785 


8-0671432 


•0019047)82 


526 


276676 


145531576 


22-9346899 




-001901141 


527 


277729 


146363183 


22-9664806 


8-0773743 


-001897633 


528 


278784 


147197952 


22-9782506 


8-0824800 


-001893939 


529 


279841 


148035889 


23-0000000 


80876794 


-001890359 


530 


280900 


148877000 


23-0217289 


80928728 


•001886792 


531 


281961 


149721291 


28-0434372 


8-0977589 


•001888239 


532 


283024 


150568768 


23-0661252 


8-1028390 


•001879699 


533 


284089 


151419437 


23-0867928 


8-1079128 


•001876173 


534 


286166 


152278304 


23-1084400 


8-1129808 


-001872669 


536 


286225 


153130376 


23-1800670 


8-1180414 


•001869159 



iOOTS, AND 


BECIPBOCAXA. 


Square Root 


Coke Boot 


Redprooa 


23-1616738 


8-1230962 


•00186&872 


23-1732605 


8-1281447 


•001882197 


28-1948270 


8-1881870 


•001858786 


23-2163736 


8-1882230 


•001855288 


23-2379001 


81432529 


•0018518M 


23-2594067 


8-1482765 


•001848429 


23-2808935 


8-1532939 


•001846018 


23-3023604 


8-1588051 


•001841621 


23-3238076 


8-1633102 


•001838285 


23-3452351 


8-1683092 


•001884882 
•0018^1502 


23-3666429 


8-1733020 


23-3880311 


8-1782888 


-001828154 


23-4093998 


8-1832695 


•001824818 


23-4307490 


8-1882441 


•001821494 


23-4520788 


8-1932127 


•001818182 


23-4733892 


8-1981753 


•001814882 


23-4946802 


8-2031319 


•001811594 


23-5159520 


8-2080825 


-001808318 


23-5372046 


8-2130271 


•OO1805054 


23-5584380 


8-2179657 


•001801802 


•23-5796522 


8-2228985 


•001798561 


23-6008474 


8-2278254 


•001795382 


23-6220236 


8-2327463 


•001792116 


23-6431808 


8-2376614 


•001788909 


23-6643191 


8-2425706 


•001786714 


23-6854386 


8-2474740 


•001782631 


23-7065392 


8-2523715 


•001779359 


23-7276210 


8-2572633 


•001776199 


23-7486842 


8-2621492 


-001778060 


23-7697286 


8-2670294 


-001769912 


23-7907545 


8-2719039 


•001766784 


23-8117618 


8-2767726 


•001768668 


23-8327506 


8-2816355 


•001760568 


23-8537209 


8-2864928 


•001757469 


23-8746728 


8-2913444 


•001754886 


23-8956063 


8-2961903 


•001751818 


23-9165215 


8-3010304 


•001748252 


23-9374184 


8-3058651 


•OO174620I 


23-9582971 


8-3106941 


•OO1742160 


23-9791576 


8-3155176 


•001739130 


24^0000000 


8-3203353 


•001736111 


24-0208243 


8-3251475 


•001733102 


24-0416306 


8-3299542 


•OO1730104 


24-0624188 


8-3347553 


•001727116 


24-0831891 


8-3395509 


•001724188 


24-1039416 


8-3443410 


•OO1721170 


24-1246762 


8-3491256 


•001718218 


24-1453929 


8-3539047 


•00m6266 


24-1660919 


8-3586784 


•001712829 



eQUAJOBy OUBIS, BOOTS, AND BBOIFBOOAUL 



Ko. 


aqpun 


Cube 




Cube Root 


ReeiprocAl 


585 


342225 


200201625 


24-1867732 


8-3634466 


•001709402 


586 


348396 


201280056 


24-2074869 


8-3682095 


•001706486 


587 


344569 


202262003 


24-2280829 


8-8729668 


•001703578 


588 


345744 


208297472 


24-2487113 


8-3777188 


•006700680 


589 


346921 


204886469 


24-2693222 


8-3824663 


•001697793 


590 


348100 


205379000 


24-2899156 


8-8872065 


•001694915 


591 


349281 


206425071 


24-3104916 


8-3919423 


•001692047 


592 


350464 


207474688 


24-3310601 


8-3966729 


•001689189 


593 


351649 


208527857 


24-3515913 


8-4013981 


•001686341 


594 


852836 


209584584 


24-3721152 


8-4061180 


•001683602 


595 


354025 


210644875 


24-3926218 


8-4108326 


•001680672 


596 


855216 


211708736 


24-4131112 


8-4155419 


•001677852 


597 


356409 


212776178 


24-4335834 


8-4202460 


•001675042 


598 


357604 


213847192 


24-4540385 


8-4249448 


•001672241 


599 


358801 


214921799 


24-4744766 


8-4296383 


•001669449 


600 


360000 


216000000 


24-4948974 


8-4348267 


•001666667 


601 


361201 


217081801 


24-6153013 


8-4390098 


•001663894 


602 


362404 


218167208 


24-5356883 


8-4436877 


•001661130 


603 


363609 


219256227 


24-5560583 


8-4483606 


•001658376 


604 


364816 


220348864 


24-5764115 


8-4530281 


•001655629 


605 


366025 


221445125 


24-5967478 


8-4576906 


•001652898 


606 


367236 


222545016 


24-6170673 


8-4623479 


•001650166 


607 


368449 


223648543 


24-6373700 


8-4670000 


•001647446 


608 


869664 


224755712 


24-6576560 


8-4716471 


•001644737 


609 


870881 


225866529 


24-6779254 


8-4762892 


-001642036 


610 


872100 


226981000 


24-6981781 


8-4809261 


-001639344 


611 


373321 


228099131 


24-7184142 


8-4855579 


•001636661 


612 


374544 


229220928 


24-7386338 


8-4901848 


•001633987 


613 


375769 


230346397 


24-7588368 


8-4948066 


-001631321 


614 


376996 


231475544 


24-7790234 


8-4994233 


-001628664 


616 


378225 


232608375 


24-7991935 


8-6040350 


-001626016 


616 


379456 


2337M896 


24-8193473 


8-5086417 


•001623377 


617 


380689 


234885113 


24-8394847 


8-5132436 


•001620746 


618 


881924 


236029032 


24-8596058 


8-5178403 


-001618123 


619 


883161 


237176659 


24-8797106 


8-5224321 


•001615509 


620 


384400 


238328000 


24-8997992 


8-5270189 


•001612903 


621 


385641 


239483061 


24-9198716 


8-5316009 


-001610306 


622 


886884 


240641848 


24-9399278 


8-5361780 


-001607717 


623 


888129 


241804367 


24-9599679 


8-6407501 


•001605136 


624 


389376 


242970624 


24-9799920 


8-5453173 


•001602564 


625 


390625 


244140625 


25-0000000 


8-5498797 


•001600000 


626 


391876 


245314376 


25-0199920 


8-5644372 


•001597444 


627 


393129 


246491883 


25-0399681 


8-6589899 


•001694896 


628 


394384 


247673152 


26-0699282 


8-5635377 


•001592367 


629 


895641 


248858189 


25-0798724 


8-5680807 


•001589825 


630 


896900 


260047000 


25-0998008 


8-5726189 


•001687302 


631 


898161 


251239591 


25-1197134 


8-5771523 


•001684786 


632 


899424 


252435968 


25-1396102 


8-5816809 


•001682278 


633 


400689 


253636137 


251594913 


8-5862047 


•001579779 



26 



JSQUARBB, ODBES, HOOTS, AND BBCIPR0CAL8. 



BTo. 


Square 


Cube 




CnbeBoot 


Beciprocal 


634 


401956 


254840104 


25-1793566 


8-6907238 


•001577281 


635 


403226 


266047875 


25-1992063 


8-5962380 


•001574803 


636 


404496 


257259456 


25-2190404 


.8-5997476 


•001572327 


637 


405769 


258474853 


25-2388689 


8-6042525 


-001569859 


638 


407044 


259694072 


25-2586619 


8-6087526 


•001567398 


639 


408321 


260917119 


25-2784493 


8-6132480 


-001564945 


640 


409600 


262144000 • 


25-2982213 


8-6177388 


•001562500 


641 


410881 


268374721 


25-3179778 


8-6222248 


•001560062 


642 


412164 


264609288 


25-3377189 


8-6267063 


-001557632 


643 


413449 


265847707 


25-3574447 


8-6311830 


•001555210 


644 


414736 


267089984 


25-3771551 


8-6356551 


•001652795 


645 


416025 


268336125 


25-3968502 


8-6401226 


•001550388 


646 


417316 


269586136 


25-41653C1 


8-6445855 


•001547988 


647 


418609 


270840023 


25-4361947 


8-6490437 


•001545595 


648 


419904 


272097792 


25-4558441 


8-6534974 


•001543210 


649 


421201 


273359449 


25-4754784 


8-6579465 


•001540832 


650 


422500 


. 274625000 


25-4950976 


8-6623911 


•001538462 


651 


423801 


275894451 


25-5147016 


8-6668310 


•001536098 


652 


425104 


277167808 


25-5342907 


8-6712665 


•001533742 


653 


426409 


278445077 


25-5588647 


8-6756974 


•001531394 


654 


427716 


279726264 


25-5734237 


8-6801237 


•001529052 


655 


429026 


281011375 


25-5929678 


8-6846456 


•001526718 


656 


430336 


282300416 


25-6124969 


8-6889630 


•001524390 


657 


431649 


283593393 


25-6320112 


8-6933759 


-001522070 


658 


432964 


284890312 


25-6515107 


8-6977843 


•001519757 


659 


434281 


286191179 


25-6709953 


8-7021882 


•001517451 


660 


435600 


287496000 


25-6904652 


8-7065877 


•001515152 


661 


436921 


288804781 


•25-7099203 


8-7109827 


•001512859 


662 


438244 


290117528 


25-7-293607 


8-7153734 


•001510574 


663 


439569 


291434247 


25-7487864 


8-7197596 


•001508296 


664 


440896 


292754944 


25-7681976 


8-7241414 


•001506024 


666 


442225 


294079625 


25-7875939 


8-7285187 


•001503759 


666 


443556 


295408296 


25-8069758 


8-7328918 


•001501502 


667 


444889 


296740963 


25-8263431 


8-7372604 


•001499250 


668 


446224 


298077632 


26-8456960 


8-7416246 


•001497006 


669 


447561 


299418309 


25-8650343 


8-7459846 


•001494768 


670 


448900 


800763000 


25-8843582 


8-7603401 


•001492537 


671 


450241 


802111711 


25-9036677 


8-7646913 


•001490318 


672 


451584 


303464448 


25-9229628 


8-7690383 


•O01488095 / 


673 


452929 


804821217 


25-942-2435 


8-7633809 


•001485884 | 


674 


454276 


806182024 


25-9615100 


8-7677192 


•001483680/ 


676 


455626 


807546875 


25-9807621 


8-7720532 


•001481481 / 


676 


456976 


808915776 


26-0000000 


8-7763830 


•OO1479290 / 


677 


458329 


810288733 


26-0192237 


8-7807084 


•OO1477I05 1 


678 


459684 


811665752 


26-0384331 


8-7850296 


•001474926 / 


679 


461041 


813046889 


26-0576284 


8-7893466 


•001472754 1 


680 


462400 


814432000 


26-0768096 


8-7936593 


•001470588 


681 


463761 


815821241 


26-0959767 


8-7979679 


•0014684'» 


682 


465124 


817214563 


26-1161297 


8-8022721 


•001466276 



JBQUABES^ CUBIS, BOOTS, AND RECIFBOOALS. 



387 



No. 


Square 


Cube 


SqiunRoot' 


CulieRoot 


Reciprocal 


683 


406489 


818611987 


261342687 


8*8065722 


•001464129 


684 


467866 


820013504 


26-1533937 


8-8108681 


•001461988 


685 


469225 


821419125 


26-1725047 


8-8151598 


•001459854 


686 


470696 


322828856 


26-1916017 


8-8194474 


•001457726 


687 


471969 


824242708 


26*2106848 


8-8237307 


-001455604 


688 


473844 


825660672 


26-2297641 


8-8280099 


•001453488 


689 


474721 


327082769 


26-2488095 


8-832-2850 


•001451379 


690 


476100 


828509000 


26-2678511 


8-8365559 


•001449275 


691 


477481 


829939371 


26-2868789 


8-8408227 


•001447178 


692 


478864 


831373888 


26-3058929 


8-8450854 


•001446087 


693 


480249 


832812557 


26-3248932 


8-8493440 


•001443001 


694 


481636 


834255384 


26-3438797 


8-8535986 


•001440922 


695 


483025 


835702375 


26-3628527 


8-8678489 


•001438849 


696 


484416 


837153636 


26-3818119 


8-8620952 


•001436782 


697 


486809 


838608878 


26-4007676 


8-8663376 


•001434720 


698 


487204 


840068392 


26-4196896 


8-8705757 


•001432665 


699 


488601 


841532099 


26-4386081 


8-8748099 


•001430615 


700 


490000 


843000000 


26-4575131 


8-8790400 


•001428571 


701 


491401 


844472101 


26-4764046 


8-8832661 


•001426534 


702 


492804 


845948408 


26-4952826 


8-8874882 


•001424501 


703 


494209 


847428927 


26-5141472 


8-8917063 


•001422475 


704 


495616 


848913664 


26-5329983 


8-8959204 


•001420455 


705 


497025 


350402625 


26-5518361 


8-9001304 


•001418440 


706 


498436 


851895816 


26-5706605 


8-9043366 


•001416431 


707 


499849 


853393243 


26-5894n6 


8-9085387 


•001414427 


708 


601264 


354894912 


26-6082694 


8-9127369 


-001412429 


709 


602681 


366400829 


26-6270539 


8-9169311 


•001410437 


710 


604100 


867911000 


26-6458252 


8-9211214 


•001408461 


711 


606621 


859425431 


26-6645833 


8-9253078 


•001406470 


712 


606944 


360944128 


26-6833281 


8-9294902 


•001404494 


713 


608369 


862467097 


26-7020598 


8-9336687 


•001402525 


714 


609796 


363994344 


26-7207784 


8-9378433 


•001400660 


715 


611225 


865525875 


26-7394839 


8-9420140 


•001398601 


716 


612666 


867061696 


26-7581763 


8-9461809 


•001396648 


717 


614089 


368601813 


26-7768557 


8-9603438 


•001394700 


ns 


615524 


870146232 


26-7955220 


8-9545029 


•001392758 


719 


616961 


871694959 


26-8141754 


8-9586581 


•001390821 


720 


618400 


873248000 


26-8328157 


8-9628095 


•001388889 


721 


619841 


874805361 


26-8514432 


8-9669670 


•001386963 


722 


621284 


876367048 


26-8700577 


8-9711007 


•001386042 


723 


622729 


877933067 


26-8886593 


8-9752406 


•001383126 


724 


624176 


879503424 


26-9072481 


8-9793766 


•001381215 


725 


626625 


881078125 


26-9258240 


8-9835089 


•001379310 


726 


627076 


382667176 


26-9443872 


8-9876373 


•001377410 


727 


628629 


884240683 


26-9629375 


8-9917620 


-001375516 


728 


629984 


885828352 


26-9814751 


8-9958829 


•001373626 


729 


631441 


887420489 


27-0000000 


9-0000000 


•001371742 


730 


632900 


889017000 


27-0185122 


9-0041134 


•001369863 


731 


634361 


890617891 


27-0370117 


9-0082229 


. •001367989 



SQUARES, CUBES, BOOTS, AND BBGIPBO0AL& 



No. 


Squwe 


CuDe 


Square Boot 


Cube Boot 


Bedprocal 


732 


535824 


89222S168 


27-0664985 


9-0128288 


•001366120 


733 


637289 


893832837 


27-0739727 


9-0164309 


•001964266 


734 


538756 


895446904 


27-0924344 


9-0205293 


•001362898 


785 


540225 


897065376 


27-1108834 


9-0246239 


•001360544 


736 


541696 


898688256 


27-1293199 


9-0287149 


•001368606 


737 


543169 


400315558 


27-1477439 


9-0328021 


•001356852 


738 


544644 


401947272 


27-1661554 


9-0368857 


•001366014 


739 


546121 


403583419 


27-1845544 


9-0409655 


•001358180 


740 


647600 


405224000 


27-2029410 


90460417 


•001361861 


741 


549081 


406869021 


27-2213152 


9-0491142 


•001349528 


742 


550564 


408518488 


27-2396769 


9-0531831 


•001347709 


743 


552049 


410172407 


27-2580263 


9-0672482 


•001345896 


744 


553536 


411830784 


27-2763634 


9-0618098 


•001344086 


745 


555025 


413493625 


27-2946881 


9-0658677 


-00134^fiSR2 


746 


556516 


415160936 


27-3130006 


9-0694220 


•001340488 


747 


658009 


416832723 


27-3313007 


9-0734726 


-001388688 


748 


659504 


418508992 


27-3495887 


9-0775197 


•001336888 


749 


661001 


420189749 


27-3678644 


9-0815631 


•001386U3 


750 


662500 


421875000 


27-3861279 


9-0856030 


•001333383 


751 


664001 


423564751 


27-4043792 


9-0896392 


•001381568 


752 


665504 


425259008 


27-4226184 


9-0936719 


•001329787 


753 


567009 


426957777 


27-4408455 


9-0977010 


•001328021 


754 


668516 


428661064 


27-4590604 


9-1017265 


•001326280 


755 


670025 


430368875 


27-4772633 


9-1057485 


•001324508 


756 


671536 


432081216 


27-4954542 


9-1097669 


•001822751 


757 


573049 


433798093 


27-5136330 


9-1137818 


•001321004 


758 


574564 


435519512 


27-5317998 


9-1177931 


•001819261 


759 


576081 


437245479 


27-5499546 


9-1218010 


•00i;il7528 


760 


577600 


438976000 


27-5680975 


9-1258053 


•001315789 


761 


579121 


440711081 


27-5862284 


. 9-1298061 


•001314060 


762 


580644 


442450728 


27-6043475 


9-1338034 


•001312886 


763 


582169 


444194947 


27-6224546 


9-1377971 


•001310616 


764 


583696 


445943744 


27-6405499 


9-1417874 


•001308901 


765 


685225 


447697125 


27-6586334 


9'1457742 


•001307190 


766 


586756 


449455096 


27-6767050 


9-1497576 


. •001305483 


767 


588289 


451217663 


27-6947648 


9-1537376 


•001808781 


768 


689824 


452984832 


27-7128129 


9-1577139 


•001302083 


769 


691361 


454756609 


27-7308492 


9-1616869 


•OO13OO390 1 


770 


592900 


456533000 


27-7488739 


9-1656566 


•001298701 / 


771 


594441 


458314011 


27-7668868 


9-1696225 


•001297017 / 


772 


695984 


460099648 


27-7848880 


9-1735852 


•001295337/ 


773 


697529 


461889917 


27-8028775 


9-1775445 


•001293661/ 


774 


699076 


463684824 


27-8208555 


9-1815003 


•001291»a / 


775 


600625 


465484375 


27-8388218 


9-1854527 


•001290323/ 


776 


602176 


467288576 


27-8567766 


9-1894018 


•001288(«»/ 


777 


603729 


469097433 


27-8747197 


9-1983474 


•0012870M 


778 


605284' 


470910952 


27-8926514 


P-1972897 


•0012858(7 


779 


606841 


472729139 


27-9105715 


9-2012286 


•001288W7 


780 


608400 


474552000 


27-9284801 


9-2051641 


•001282IH/ 



8QUABBB, 0UBS8, B001!B» AND BECIFB00AL8. 



389 



Na 


SqMn 


Cutw 


SqnanRoot 


CubeRool 


BociprocAl 


781 


609961 


476379541 


27-9468772 


9-2090962 


•001280410 


782 


611524 


478211768 


27*9642629 


9-2180250 


•001278772 


783 


613089 


480048687 


27-9821872 


9-2169506 


•001277189 


784 


614656 


481890304 


28-0000000 


9-2208726 


•001275510 


785 


616226 


483736625 


28-0178515 


9-2247914 


•001273886 


786 


617796 


485587656 


28-0356916 


9-2287068 


•001272266 


787 


619369 


487443403 


28-0535203 


9-2326189 


•001270648 


788 


620944 


489303872 


28-0713377 


9*2365277 


•001269086 


789 


622521 


491169069 


280891438 


9*2404338 


•001267427 


790 


624100 


493039000 


28-1069386 


9-2443356 


•001265823 


791 


625681 


494913671 


28-1247222 


9-2482344 


•001264223 


792 


627264 


496793088 


28*1424946 


9-2521300 


•001262626 


793 


628849 


498677257 


281602667 


9-2560224 


•001261034 


794 


630436 


500566184 


28-1780056 


9-2599114 


•001259446 


796 


632026 


502459875 


28-1957444 


9-2637973 


•001257862 


796 


633616 


504358336 


28-2134720 


9-2676798 


•001266281 


797 


635209 


606261573 


28-2311884 


9-2715592 


•001254706 


798 


636804 


608169592 


28-2488938 


9-2764352 


•001253133 


799 


638401 


610082399 


28-2665881 


9-2793081 


•001251564 


800 


640000 


612000000 


28-2842712 


9-2831777 


•001260000 


801 


641601 


613922401 


28-3019434 


9-2870440 


•001248489 


802 


643204 


615849608 


28-3196045 


9-2909072 


•001246883 


803 


644809 


617781627 


28-3372546 


9-2947671 


•001245330 


804 


646416 


619718464 


28-3548938 


9-2986239 


•001243781 


805 


648025 


621660125 


28-3725219 


9-3024775 


•001242236 


806 


649636 


523606616 


28-3901391 


9-3063278 


•001240695 


807 


651249 


525557943 


28-4077454 


9-3101750 


•001239157 


808 


652864 


527514112 


28-4258408 


9-3140190 


•001237624 


809 


654481 


529475129 


28-4429253 


9-3178599 


•001236094 


810 


656100 


531441000 


28-4604989 


9-3216976 


•001234568 


811 


657721 


533411731 


28-4780617 


9-3255320 


•001233046 


812 


659344 


635387328 


28-4956137 


9-3293634 


•001231527 


813 


660969 


637367797 


28-5131549 


9-3331916 


•001230012 


814 


662596 


639353144 


28-5306862 


9-3370167 


•001228501 


815 


664225 


641343375 


28-5482048 


9-3408386 


•001226994 


816 


665856 


643338496 


28-5657137 


9-3446575 


•001226490 


817 


667489 


645338513 


28-5832119 


9-3484731 


•001223990 


818 


669124 


647343432 


28-6006993 


9-3522857 


•001222494 


819 


670761 


649353259 


28-6181760 


9-3560952 


-001221001 


820 


672400 


651368000 


28-6356421 


9-3599016 


•001219512 


821 


674041 


653387661 


28-6530976 


9-3637049 


•001218027 


822 


675684 


655412248 


28-6705424 


9-3675051 


•001216546 


823 


677329 


657441767 


28-6879766 


9-3713022 


•001215067 


824 


678976 


559476224 


28-7054002 


9*3760963 


•001213592 


825 


680626 


561515625 


28-7228132 


9-3788873 


•001212121 


826 


682276 


563559976 


28-7402157 


9-3826752 


•001210654 


827 


683929 


665609283 


28-7576077 


9-3864600 


•001209190 


828 


685584 


667663552 


28-7749891 


9-3902419 


-001207729 


829 


687241 


669722789 


28-7923601 


9-3940206 


•001206272 



390 



SQUARES, CUBBS, ftOOTS, AND BECIFBOCALS. 



No. 


Squaro 


Cnbfi 


Siitui]^ Rtj<)t 


Ciilje Root 


RadpToCfll 


830 


688900 


571787000 


28-8097206 


9-3977964 


•001204819 


831 


690561 


573856191 


28-8270706 


9-4015691 


•001203369 


832 


692224 


675930368 


28-8444102 


9-4063887 


•001201923 


833 


693889 


678009537 


28-8617394 


9-4091054 


•001200480 


834 


695556 


580093704 


28-8790582 


9-4128690 


•001199Q41 


835 


697226 


582182876 


28-8963666 


9-4166297 


•001197605 


836 


698896 


684277056 


28-9136646; 


9-4203873 


•001196172 


837 


700669 


586376253 


28-9309523 


9-4241420 


•001194743 


838 


702244 


688480472 


28-9482297 


9-4278936 


•001193317 


839 


703921 


590589719 


28-9664967 


9-4316423 


•001191895 


840 


705600 


692704000 


28-9827535 


9-4353880 


•001190476 


841 


.707281 


694823321 


29-0000000 


9-4391307 


•OO1189061 


842 


708964 


696947688 


29-0172363 


9-4428704 


•001187648 


843 


710649 


699077107 


29-0344623 


9-4466072 


•001186240 


844 


712336 . 


601211584 


29-0516781 


9-4503410 


•001184834 


845 


714026 


603351126 


29-0688837 


9-4540719 


•001183432 


846 


715716 


605495736 


29-0860791 


9-4577999 


•001182Q33 


847 


717409 


607645423 


291032644 


9-4615249 


•001180638 


848 


719104 


609800192 


29-1204396 


9-4652470 


•001179245 


849 


720$01 


611960049 


29-1376046 


9-4689661 


•001177856 


860 


722500 


614125000 


29-1547595 


9-4726824 


•001176471 


851 


724201 


616295051 


29-1719043 


9-4763957 


•OO1175088 


852 


725904 


618470208 


29-1890390 


9-4801061 


•001173709 


853 


727609 


620650477 


29-2061637 


9-4838136 


•001172333 


854 




622835864 


29-2232784 


9-4875182 


•001170960 


855 


731026 


625026375 


29-2403830 


9-4912200 


•001169591 


856 


732736 


627222016 


29-2574777 


9-4949188 


•001168224 


857 


734449 


629422793 


29-2745623 


9-4986147 


•001166861 


858 


736164 


631628712 


29-2916370 


9-5023078 


•OO1165501 


859 


737881 


633839779 


29-3087018 


9-5059980 


•001164144 


860 


739600 


636056000 


29-3-257566 


9-5096854 


•001162791 


861 


7413JJ1 


638277381 


29-3428015 


9-5133699 


•OO1161440 


862 


743044 


640503928 


29-3598366 


9-5170516 


•001160093 


863 


744769 


642735647 


29-3768616 


9-5207303 


•001158749 


864 


746496 


644972544 


29-3938769 


9-5244063 


•001157407 


865 


748226 


647214625 


29-4108823 


9-52^0794 


•001156069 


866 


749956 


649461896 


29-4278779 


9-5317497 


•001154734 


867 


751689 


651714363 


29-4448637 


9-5354172 


•001163403 


868 


753424 


653972032 


219-4618397 


9-5390818 


•001152074 


869 


755161 


656234909 


29-4788059 


9-5427437 


•001150748 


870 


756900 


658503000 


29-4957624 


9-5464027 


•001149425 


871 


758641 


660776311 


29-5127091 


9-5500589 


•001148106 


872 


760384 


663054848 


29-5296461 


9-5537123 


•001146789 


873 


762129 


665338617 


29-6465734 


9-5573630 


•001145475 


874 


763876 


667627624 


29-5634910 


9-5610108 


•001144165 


875 


765626 


669921875 


29-5803989 


9-5646569 


•001142857 


876 


767376 


672221376 


29-5972972 


9-5682982 


•001141553 


877 


769129 


674526133 


29-6141858 


9-5719377 


•001140251 


878 


770^84 


676836152 


29-6310648 


9-5755745 


•001138952 



^QOABESy GUBSSy BOOTS, AND RBOIPBOCALB. 



391 



No. 


fiqnara 


Cube 


SqnanBoot 


CateRoot 


B«ciprocal 


879 


772641 


679151439 


29-6479342 


9-6792085 


•001137656 


880 


774400 


681472000 


29-6647939 


9-6828397 


•001136364 


881 


776161 


683797841 


29-6816442 


9-6864682 


•001136074 


882 


777924 


686128968 


29-6984848 


9-6900939 


•001138787 


883 


779689 


688465387 


29-7153159 


9-6937169 


•001132603 


884 


781456 


690807104 


29-7321375 


9-6973373 


•001181222 


885 


783225 


693154125 


29-7489496 


9-6009648 


•001129944 


886 


784996 


695506456 


29-7657521 


9-6045696 


•001128668 


887 


786769 


697864103 


29-7825452 


9-6081817 


•001127396 


888 


788544 


700227072 


29-7993289 


9-6117911 


•001126126 


889 


790321 


702595369 


29-8161030 


9-6163977 


•001124869 


890 


792100 


704969000 


29-8328678 


9-6190017 


•001123696 


891 


793881 


707347971 


29-8496231 


9-6226030 


•001122384 


892 


795664 


709732288 


29-8663690 


9-6262016 


•001121076 


893 


797449 


712121957 


29-8831056 


9-6297976 


•001119821 


894 


799236 


714516984 


29-8998328 


9-6333907 


•001118568 


895 


801025 


716917375 


29-9165506 


9-6369812 


•001117318 


896 


802816 


719323136 


29-9332591 


9-6405690 


•001116071 


897 


804609 


721734273 


29-9499583 


9-6441542 


•001114827 


898 


806404 


724150792 


29-9666481 


9-6477367 


•001113586 


899 


808201 


726572699 


29-9833287 


9-651&166 


•001112347 


900 


810000 


729000000 


30-0000000 


9-6548938 


•001111111 


901 


811801 


731432701 


30-0166620 


9-6584684 


•001109878 


902 


813604 


733870808 


30-0333148 


9-6620403 


•001108647 


903 


815409 


736314327 


30-0499584 


9-6656096 


•001107420 


904 


817216 


.738763264 


80-0665628 


9-6691762 


•001106195 


906 


819025 


741217625 


30-0832179 


9-6727403 


•001104972 


906 


820836 


743677416 


30-0998339 


9-6763017 


•001103763 


907 


822649 


746142643 


30-1164407 


9-6798604 


•001102536 


908 


824464 


748613312 


80-1330383 


9-6834166 


•001101322 


909 


826281 


761089429 


30-1496269 


9-6869701 


•001100110 


910 


828100 


753571000 


80-1662063 


9-6905211 


•001098901 


911 


829921 


756058031 


30-1827765 


9-6940694 


•001097695 


912 


831744 


758550528 


30-1993377 


9-6976151 


•001096491 


913 


838569 


761048497 


30-2158899 


9-7011583 


•001095290 


914 


835396 


763551944 


30-23-24329 


9-7046989 


•001094092 


915 


837225 


766060875 


30-2489669 


9-7082369 


•001092896 


916 


839056 


766675296 


30-2654919 


9-7117723 


•001091703 


917 


840889 


771095213 


30-2820079 


9-7153051 


•001090513 


918 


842724 


773620632 


30-2985148 


9-7188364 


•001089325 


919 


844561 


776151559 


30-3150128 


9-7223631 


•001088139 


920 


846400 


778688000 


30-3316018 


9-7258883 


•001086957 


921 


848241 


781229961 


30-3479818 


9-7294109 


•001085776 


922 


850084 


783777448 


30-3644529 


9-7329809 


•001084599 


923 


851929 


786330467 


30-3809151 


9-7364484 


•001083424 


924 


853776 


788889024 


30-3973683 


9-7399634 


•001082251 


925 


855625 


791453125 


30-4138127 


9-7434768 


•001081081 


926 


857476 


794022776 


30-4302481 


9-7469857 


•001079914 


927 


859329 


796597983 


30-4466747 


9-7604930 


•001078749 



192 



SQUABES, OUBBS, BOOTS, AND BXdPBOCALS. 



No. 


Square 


Cube 


Square Boot 


Cab6Boot 


Bedprocal 


928 


861184 


799178752 


80-4630924 


97539979 


•001077686 


929 


863041 


801765089 


80-4795013 


9-7676002 


•001076426 


930 


864900 


804867000 


80-4959014 


9-7610001 


•001076269 


931 


866761 


806954491 


80-5122926 


9-7644974 


•001074114 


932 


868624 


809557568 


80-5286750 


9-7679922 


•001072961 


933 


870489 


812166237 


30-6450487 


9-7714845 


•0010718U 


934 


872356 


814780504 


30*5614186 


9-7749743 


•001070664 


935 


874225 


817400375 


30-5777687 


9-7784616 


•001069519 


936 


876096 


820025856 


80-5941171 


9-7819466 


•001068376 


937 


877969 


822656958 


30-6104557 


9-7854288 


•001067286 


938 


879844 


825293672 


30-6267857 


9-7889087 


•001066098 


939 


881721 


827936019 


30-6431069 


9-7923861 


•001064963 


940 


883600 


830584000 


80-6594194 


9-7958611 


•001063830 


941 


885481 


833237621 


30-6757233 


9-7993336 


•001062699 


942 


887364 


835896888 


30-6920185 


9-8028036 


•ooiooisn 


943 


889249 


838561807 


30-7083051 


9-8062711 


•001060445 


944 


891136 


841232384 


30-7245830 


9-8097362 


•001069322 


945 


'893025 


843908625 


30-7408523 


9-8131989 


•001058201 


946 


894916 


846590536 


80-7671180 


9-8166591 


•001067082 


947 


896809 


849278123 


30-7733661 


9-8201169 


•001055966 


948 


898704 


851971392 


30-7896086 


9-8235723 


•001054862 


949 


900601 


854670349 


30-8058436 


9-8270252 


•001053741 


950 


902500 


857375000 


30-8220700 


9-8304757 


•001052682 


951 


904401 


860085351 


30-8382879 


9-8339238 


•001061525 


952 


906304 


862801408 


30-8544972 


9-8373695 


•OO1O50420 


953 


908209 


865523177 


30-8706981 


9-8408127 


•001049318 


954 


910116 


868250664 


30-8868904 


9-8442536 


•001048218 


955 


912025 


870983875 


30-9030743 


9-8476920 


•001047120 


956 


913936 


873722816 


30-9192497 


9-8511280 


•001046025 


957 


915849 


876467493 


30-9354166 


9-8545617 


•001044932 


958 


917764 


879217912 


30-9515751 


9-8579929 


•001043841 


959 


919681 


881974079 


80-9677251 


' 9-8614218 


•001042753 


960 


921600 


884736000 


30-9838668 


9-8648483 


•001041667 


961 


923521 


887503681 


31-0000000 


9-8682724 


•001040583 


962 


925444 


890277128 


31-0161-248 


9-8716941 


•001039501 


963 


927369 


893056347 


31-0322413 


9-8751135 


•001038422 


964 


929296 


895841344 


31-0483494 


9-8785305 


•001037344 


965 


931225 


898632125 


81-0644491 


9-8819451 


•001036269 


966 


933156 


901428696 


31-0805405 


9-8853574 


•001036197 


967 


935089 


904231063 


31-0966236 


9-8887673 


•001034126 


968 


937024 


907039232 


31-1126984 


9-8921749 


•001033058 


969 


938961 


909853209 


31-1287648 


9-8955801 


•001031992 


970 


940900 


912673000 


31-1448230 


9-8989830 


•001030928 


971 


942841 


915498611 


31-1608729 


9-9023835 


•001029865 


972 


944784 


918330048 


311769145 


9-9057817 


•OO1028807 


973 


946729 


921167317 


31-1929479 


9-9091776 


•001027749 


974 


948676 


924010424 


31-2089731 


9-9125712 


•OO1026694 


975 


950625 


926859375 


31-2249900 


9-9159624 


•001025641 


976 


952576 


929714176 


31-2409987 


9-9193613 


•001024590 



SQUABSB, OUBBS, BOOTS, AND BEOIFBOOALB. 
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Ko. 


Square 


Cube 




Cube Root 


Reciprocal 


977 


9M529 


932574833 


81-2569992 


9-92OT79 
9-99^222 


•001028541 


978 


966484 


935441S52 


81-2729916 


•001022405 


979 


868441 


938313739 


31-2889757 


9-9296042 


•001021460 


980 


960400 


941192000 


31-3049517 


9-9328839 


•001020408 


981 


962861 


944076141 


31-3209195 


9-9362613 


•001019368 


982 


964824 


946966168 


81-8368792 


9-9396863 


•001018830 


983 


966289 


949862087 


31-3528308 


9-9480092 


•001017294 


981 


968256 


962763904 


31-8687743 


9-9463797 


•001016260 


985 


»70226 


956671625 


31-8847097 


9-9497479 


•001015228 


986 


972196 


968585256 


81-4006369 


9-9531138 


•001014199 


987 


974169 


961504803 


81-4165561 


9-9564775 


-001013171 


983 


976144 


964430272 


81-4324673 


9-9598889 


•001012146 


989 


978121 


967361669 


31-4483704 


9-9631981 


•001011122 


990 


980100 


970299000 


31-4642654 


9-9665549 


•001010101 


991 


982081 


973242271 


31-4801625 


9-9699095 


•001009082 


992 


984064 


976191488 


31-4960315 


9-9732619 


•001008066 


993 


986049 


979146657 


81-5119026 


9-9766120 


•001007049 


994 


988036 


982107784 


81-5277655 


9-9799599 


•001006036 


995 


990025 


985074876 


81-6486206 


9-9833056 


•001006026 


996 


992016 


988047936 


31-5594677 


9-9866488 


•001004016 


997 


994009 


991026973 


31-5753068 


9-9899900 


•001003009 


998 


996004 


994011992 


31-59n380 


9-9933289 


•001002004 


999 


998001 


997002999 


31-6069613 


9-9966656 


•001001001 


1000 


1000000 


1000000000 


31-6227766 


10-0000000 


•0010000000 


1001 


1002001 


1003003001 


31-6385840 


10-0033322 


-0009990010 


1002 


1004004 


1006012008 


31-6543836 


10-0066622 


•0009980040 


1003 


1006009 


1009027027 


31-6701752 


10-0099899 


•0009970090 


1004 


1008016 


1012048064 


31-6859590 


10-0133155 


•0009960169 


1005 


1010025 


1015075125 


31-7017349 


10-0166389 


•0009960249 


1006 


1012036 


1018108216 


31-7175030 


10-0199601 


•0009940358 


1007 


1014049 


1021147343 


31-7332633 


10-0232791 


•0009930487 


1008 


1016064 


1024192512 


81-7490157 


10-0265958 


•0009920635 


1009 


1018081 


1027243729 


31-7647603 


10-0299104 


•0009910803 


1010 


1020100 


1030301000 


31-7804972 


10-0332228 


•0009900990 


1011 


1022121 


1033364331 


31-7962262 


10-0365330 


•0009891197 


1012 


1024144 


1036433728 


31-8119474 


10-0398410 


•0009881428 


1013 


1026169 


1039509197 


31-8276609 


10-0431469 


-0009871668 


1014 


1028196 


1042590744 


31-8433666 


10-0464506 


-0009861933 


1015 


1030226 


1045678375 


31-8690646 


10-0497621 


•0009852217 


1016 


1032256 


1048772096 


31-8747549 


10-0530514 


•0009842520 


1017 


1034289 


1051871913 


31-8904374 


10-0563485 


•0009832842 


1018 


1036324 


1054977832 


31-9061123 


10-0596435 


•0009823183 


1019 


1038861 


1058089859 


31-9217794 


10-0629864 


•0009813543 


1020 


1040400 


1061208000 


31-9374388 


10-0662271 


^0009803922 


1021 


1042441 


1064332261 


31-9530906 


10-0695166 


•0009794319 


1022 


1044484 


1067462648 


31-9687347 


10-0728020 


•0009784736 


1023 


1046529 


1070599167 


81-9843712 


10-0760863 


•0009775171 


1024 


1048576 


1073741824 


32-0000000 


100793684 


-0009765626 


1025 


1050625 


1076890625 


32-0156212 


10-0826484 


•0009756098 



SQUABlSSy CUBES, ROOTS, AND RBCIPBOCAL8. 



No. 


Squire 


cube 


Square Boot 


Cube Root 


Rediirocal 


102Q 


1052676 


1080046576 


32-0312348 


10-0859262 


•0009746689 


1027 


1054729 


1083206683 


32-0468407 


10-0892019 


•OOO9787098 


1028 


1056784 


1086373962 


82-0624391 


10-0924755 


•0009727628 


1029 


1058841 


1089547389 


32-0780298 


10-0957469 


•0009718178 


1030 


1060900 


1092727000 


32-0936131 


10-0990163 


•0009708738 


1031 


1062961 


1095912791 


32-1091887 


10-1022835 


•0009699321 


1032 


1065024 


1099104768 


82-1247568 


10-1066487 


•0009689922 


1033 


1067089 


1102302937 


32-1403173 


10-1088117 


•0009680542 


1034 


1069156 


1105607304 


32-1558704 


10-1120726 


•0009671180 


1035 


1071225 


1108717875 


32-1714159 


10-1163314 


•0009661836 


1036 


1073296- 


1111934656 


32-1869639 


10-1185882 


•OO09652510 


1037 


1075369 


1115157653 


32-2024844 


10-1218428 


•0009648202 


1038 


1077444 


1118386872 


32-2180074 


10-1250963 


•0009633911 


1039 


1079521 


1121622319 


82-2336229 


10-1283457 


•0009624639 


1040 


1081600 


1124864000 


82-2490310 


10-1315941 


•O009615S85 


1041 


1083681 


1128111921 


32-2645316 


10-1348403 


•OO09606148 


1042 


1085764 


1131366088 


32-2800248 


10-1380845 


•0009596929 


1043 


1087849 


1134626607 


32-2955105 


10-1413266 


•0009587728 


1044 


1089936 


1137893184 


32-8109888 


10-1445667 


•0009578544 


1045 


1092025 


1141166125 


32-3264598 


10-1478047 


•0009569878 


1046 


1094116 


1144446336 


32-3419233 


10-1510406 


•O00966Q229 


1047 


1096209 


1147730823 


32-3573794 


10-1642744 


•0009551098 


1048 


1098304 


1151022592 


32-3728281 


10-1676062 


•0009641985 


1049 


1100401 


1164320649 


32-3882695 


10-1607359 


•0009532888 


1060 


1102500 


1167626000 


32-4037035 


10-1639636 


•0009523810 


1051 


1104601 


1160936651 


82-4191301 


10-1671893 


•0009514748 


1052 


1106704 


1164252608 


32-4345496 


10-1704129 


•OOO95O5708 


1053 


1108809 


1167575877 


32-4499615 


10-1736344 


•0009496676 


1054 


1110916 


1170905464 


32-4653662 


10-1768539 


•0009487666 


1055 


1113025 


1174241375 


32-4807636 


10-1800714 


•0009478673 


1056 


1115136 


1177583616 


32-4961536 


10-1832868 


•0009469697 


1057 


1117249 


1180932193 


82-6115364 


10-1865002 


•OO09460738 


1058 


1119364 


1184287112 


32-5269119 


10-1897116 


•0009451796 


1059 


1121481 


1187648379 


32-6422802 


10-1929209 


•0009442871 


1060 


1123600 


1191016000 


32-6576412 


10-1961283 


•0009433962 


1061 


1125721 


1194389981 


32-5729949 


10-1993336 


•0009425071 


1062 


1127844 


1197770328 


32-6883415 


10-2025369 


•0009416196 


1063 


1129969 


1201157047 


32-6036807 


10-2067382 


•0009407338 


1064 


1132096 


1204550144 


32-6190129 


10-2089376 


•0009398496 


1065 


1134225 


1207949625 


32-6343377 


10-2121347 


•0009389671 


1066 


1136356 


1211355496 


32-6496664 


10-2153300 


•O00938086S 


1067 


1138489 


1214767763 


32-6649669 


10-2185233 


•0009372071 


1068 


1140624 


1218186432 


32-6802693 


10-2217146 


•0009363296 


1069 


1142761 


1221611509 


32-6966664 


10-2249039 


•0009354537 i 


1070 


1144900 


1226043000 


32-7108644 


10-2280912 


•0009345m 


1071 


1147041 


12284809U 


32-7261363 


10-2312766 


•OOO9337068 


1072 


1149184 


1231925248 


32-7414111 


10-2344599 


•0000328858 


1073 


1151329 


1235376017 


32-7666787 


10-2376413 


•0009319664 


1074 


1153476 


1238833224 


32-7719392 


10-2408207 


•0009810987 












J 



BQUA&lte, OCmitiB, BOOTS, Ain> BBCIPBOCAIJEU 
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No. 


Stpuure 


Cube 


SqnweBoot 


CabeRoot 


Beeiproeia 


1075 


1155625 


1242296875 


32-7871926 


10-2489981 


•0009302826 


1076 


1157776 


1245766976 


32-8024889 


10-2471736 


•0009298680 


1077 


115^929 


1249243533 


32-8176782 


10-2603470 


•0009286061 


1078 


1162084 


1252726652 


32-8829103 


10-2686186 


•0009276488 


1079 


1164241 


1256216039 


82-8481354 


10-2666881 


•0009267841 


1080 


1166400 


1259712000 


82-8633535 


10-2698667 


•0009259269 


1081 


116S561 


1263214441 


82-8785644 


10-2630213 


•0009260694 


1082 


1170724 


1266723368 


82-8937684 


10-2661860 


•0009242144 


1083 


1172889 


1270288787 


32-9089653 


10-2693467 


•0009238610 


1084 


1176066 


1278760704 


82-9241553 


10-2726066 


•0009226092 


1085 


1177225 


1277289125 


82-9393382 


10-2756644 


•0009216690 


1086 


1179396 


1280824056 


82-9646141 


10-2788203 


•0009208103 


1087 


1181569 


1284365503 


82*9696830 


10-28J9743 
10-2861264 


•0009199682 


1088 


1183744 


1287913472 


82-9848460 


•0009191176 


1089 


1185921 


1291467969 


88-0000000 


10-2882766 


•0009182786 


1090 


1188100 


1295029000 


88-0151480 


10-2914247 


•0009174312 


1091 


1190281 


1298596571 


33-0302891 


10-2946709 


•0009165903 


1092 


1192464 


1302170688 


830454233 


10-2977168 


•0009167609 


1093 


1194649 


1305751357 


830605506 


10-8008577 


•0009149131 


1094 


1196836 


1309338584 


33-0756708 


10-3039982 


•0009140768 


1095 


1199025 


1312982375 


88-0907842 


10-3071368 


•0009132420 


1096 


1201216 


1816532736 


33-1068907 


10-3102735 


•0009124088 


1097 


1203409 


1320139673 


83-1209903 


10-3134083 


•0009116770 


1098 


1205604 


1323753192 


33-1360830 


10-3165411 


•0009107468 


1099 


1207801 


1327373299 


33-1611689 


10-3196721 


-0009099181 


1100 


1210000 


1331000000 


33-1662479 


10-3228012 


•0009090909 


1101 


1212201 


1334633301 


33-1813200 


10-3269284 


•0009082662 


1102 


1214404 


1338273208 


83-1963853 


10-3290537 


•000907M10 


1103 


1216609 


1341919727 


88-2114438 


10-3321770 


•0009066188 


1104 


1218816 


1345572864 


88-2264956 


10-3:i52986 


-0009067971 


1105 


1221025 


1349232626 


83-2415403 


10-3384181 


•0009049774 


1106 


1223236 


1352899016 


88-2565788 


10-3416358 


•0009041591 


1107 


1225449 


1356572043 


33-2716096 


10-3446617 


•0009038424 


1108 


1227664 


1360261712 


33-2866339 


10-3477657 


-0009026-271 


1109 


1229881 


1363938029 


33-3016516 


10-3508778 


-0009017188 


1110 


1232100 


1367631000 


33-3166625 


10-3539880 


•0009009009 


nil 


1234321 


1371330631 


33-3316666 


10-3570964 


-0009000900 


1112 


1286544 


1375036928 


33-3466640 


10-3602029 


•0008992806 


1113 


1238769 


1378749897 


38-3616546 


10-3633076 


•0008984726 


1114 


1240996 


1382469544 


33-3766385 


10-3664103 


-0008976661 


1115 


1243225 


1386195875 


33-3916157 


10-3695118 


-0008968610 


1116 


1245456 


1389928896 


83-4065862 


10-3726103 


•0008960573 


1117 


1247689 


1393668613 


38-4215499 


10-3757076 


•0008952561 


1118 


1249924 


1397415032 


88-4365070 


10-3788030 


•0008944644 


1119 


1252161 


1401168159 


33-4614573 


10-3818965 


-0008936660 


1120 


1254400 


1404928000 


33-4664011 


10-3849882 


•0008928671 


1121 


1256641 


1408694561 


83-4813381 


10-3880781 


•0008920607 


1122 


1258884 


1412467848 


33-4962684 


10-3911661 


•0008912656 


1123 


1261129 


1416247867 


33-5111921 


10-3942523 


•0008904720 



UBB, GUBBS, BQOrai AND RIGIPBOCALS. 



Cube 




CaDeBoot 


Redprocal 


1420084624 


S3-6261092 


10-8978866 


•0008896797 


1423828125 


83-6410196 


10-4004192 


•0008888889 


1427628376 


Sd-6569234 


10*4034999 


•0008880996 


1431485383 


83-5708206 


10-4066787 


•0008873114 


1435249152 


83-5867112 


10-4096667 


•0008865248 


1439069689 


88*6005952 


10-4127810. 


•0006857396 


1442897000 


88-6164726 


10-4168044 


•0008849568 


1446731091 


83-6303434 


10-4188760 


•0008841738 


1450571968 


88-6462077 


10-4219468 


•0008833922 


1454419637 


88-6600658 


10-4250188 


•0008826125 


1458274104 


83-6749165 


10-4280800 


•0008818342 


1462135376 


33-6897610 


10-4811443 


•0008810578 


1466003456 


83-7045991 


10-4342069 


•0008802817 


1469878353 


83-7194306 


10-4372677 


•0008796075 


1473760072 


83-7342556 


10-4403267 


•0008787346 


1477648619 


83-7490741 


10-4433839 


•0008779681 


1481544000 


88-7638860 


10-4464393 


•0008771980 


1485446221 


83-7786916 


10-4494929 


•0008764242 


1489355288 


33-7934906 


10-4526448 


•0008766567 


1493271207 


33-8082830 


10-4555948 


•0008748906 


1497193984 


33-8230691 


10'4586431 


-0008741259 


1501123625 


33-8378486 


10-4616896 


-0008733624 


1505060136 


33-8526218 


10-4647343 


•0008726003 


1509003523 


33-8673884 


10-4677773 


-0008718896 


1512953792 


33-8821487 


10-4708185 


•0008710801 


1516910949 


33-8969026 


10-4738579 


•OOO87O8220 


1520875000 


83-9116499 


10-4768965 


•0008696652 


1524845951 


33-9263909 


10^4799314 


-0008688097 


1528823808 


33-9411255 


10-4829656 


-0008680566 


1532808577 


33-9558537 


10-4859980 


-0008673027 


1536800264 


33-9705755 


10-4890286 


-0008666511 


1540798876 


33-9852910 


10-4920576 


-0008658009 


1544804416 


34-0000000 


10-4950847 


•0008660519 


1548816893 


34-0147027 


10-4981101 


-0008643042 


1552836312 


84-0293990 


10-5011337 


-0008636579 


1556862679 


34-0440890 


10-5041556 


-0008628128 


1560896000 


84-0587727 


10-5071757 


.-0008620690 


1564936281 


84-0734501 


10-5101942 


-0008613264 
•0008606852 


1568983528 


34-0881211 


10-5132109 


1573037747 


84-1027858 


10-5162259 


•0008598452 


1577098944 


84-1174442 


10-6192391 


•0008591065 


1581167125 


84-1320963 


10-5222506 


•0008583691 


1585242296 


34-1467422 


10-5252604 


•0008576329 


1589324463 


34-1613817 


10-5282685 


•0008568980 


1593418632 


34-1760150 


10-5312749 


•0008561644 


1597509809 


84-1906420 


10-5342796 


-0008554320 


1601613000 


84-2052627 


10-5372826 


-0008547009 


1605723211 


84-2198773 


10-5402837 


-0008539710 


1609840448 


34-2344855 


10-5432882 


'0008532423 



B4SUABJESy CUBES, BOOTS, AND BEGIPBOOAIJi. 



397 



No. 


SqnAze 


Cube 


Square Boot 


Cube Boot 


Beciprocal 


1173 


1876929 


1613964717 


84-2490876 


10-5462810 


•0003625149 


1174 


1878276 


1618096024 


84-2636834 


10-6492771 


•0008617888 


1176 


1880626 


1622234376 


34-2782730 


10-55227]5 


•0008510638 


1176 


1882976 


1626379776 


84-2928664 


10-5662642 


•0008503401 


1177 


1885329 


1680532233 


84 •3074336 


10-5682552 


•0008496177 


1178 


1387684 


1634691752 


84-3220046 


10-5612445 


•0008488964 


1179 


1890041 


1638858389 


84-3365694 


10-6642322 


•0008481764 


1180 


1892400 


1643032000 


84-8511281 


10-5672181 


•0008474676 


1181 


1894761 


1647212741 


84-8666806 


10-5702024 


•0008467401 


1182 


1897124 


1651400568 


84-3802268 


10-5731849 


-0008460237 


1183 


1899489 


1655595487 


34-3947670 


10-5761658 


•0008463086 


1184 


1401856 


1659797504 


34-4093011 


10-5791449 


•0008445946 


1185 


1404226 


1664006626 


34-4238289 


10-5821225 


•0008438819 


1186 


1406596 


1668222856 


34-4383607 


10-5860983 


•0008431703 


1187 


1408969 


1672446203 


34-4528663 


10-5880725 


•0008424600 


1188 


1411344 


1676676672 


34-4673759 


10-5910450 


•0008417508 


1189 


1413721 


1680914269 


34-4818793 


10-5940168 


•0008410429 


1190 


1416100 


1685159000 


34-4963766 


10-5969860 


•0008403361 


1191 


1418481 


1689410871 


34-5108678 


10-5999626 


•0008396306 


1192 


1420864 


1693669888 


84-5253530 


10-6029184 


•0008389262 


1198 


1423249 


1697936057 


84-5398321 


10-6058826 


•0008382230 


1194 


1425636 


1702209384 


34-5543051 


10-6088451 


-0008375209 


1195 


1428026 


1706489876 


34-5687720 


10-6118060 


•0008368201 


1196 


1430416 


1710777536 


84-5832329 


10-6147662 


•0008361204 


1197 


1432809 


1716072373 


84-5976879 


10-6177228 


•0008354219 


1198 


1435204 


1719374392 


34-6121366 


10-6206788 


-0008347245 


1199 


1437601 


1723683599 , 


34-6266794 


10-6236331 


-0008340284 


1200 


1440000 


1728000000 


34-6410162 


10-6265857 


•0008333333 


1201 


1442401 


1732323601 


34-6564469 


10-6295367 


-0008326395 


1202 


1444804 


1736654408 


34-6698716 


10-6324860 


-0008319468 


1203 


1447209 


1740992427 


34-6842904 


10-6364338 


-0008312562 


1204 


1449616 


1745337664 


34-6987031 


10-6383799 


-0008306648 


1205 


1452025 


1749690125 


34-7181099 


10-6413244 


•0008298766 


1206 


1454436 


1764049816 


34-7275107 


10-6442672 


•0008291874 


1207 


1456849 


1758416743 


34-7419056 


10-6472085 


•0008285004 


1208 


1469264 


1762790912 


34-7562944 


10-6501480 


•0008278146 


1209 


1461681 


1767172329 


34-7706773 


10-6530860 


•0008271299 


1210 


1464100 


1771561000 


34-7860643 


10-6560223 


•0008264463 


1211 


1466521 


1775956931 


34-7994253 


10-6689670 


•0008257638 


1212 


1468944 


1780360128 


34-8137904 


10-6618902 


•0008260826 


1213 


1471369 


1784770597 


34-8281496 


10-6648217 


•0008244023 


1214 


1473796 


1789188344 


34-8425028 


10-6677516 


•0008237232 


1215 


1476226 


1793613376 


34-8568601 


10-6706799 


•0008230463 


1216 


1478656 


1798045696 


34-8711916 


10-6786066 


•0008223684 


1217 


1481089 


1802485313 


34-8855271 


10-6765317 


•0008216927 


1218 


1483524 


1806932232 


84-8998667 


10-6794552 


•0008210181 


1219 


1485961 


1811386469 


84-9141806 


10-6823771 


•0008203446 


1220 


1488400 


1816848000 


34-9284984 


10-6852973 


•0008196721 


1221 


1490841 


1820316861 


84*9428104 


10-6882160 


•0008190008 



398 



SQUARES, CUBES, BOOTS, AND BECIPBOqAXiS. 



Na 


Sflnaxe 


Calw 


Square Root 


Cube Root 


Redprocd 


1222 


1498284 


1824793048 


34-957n66 


10-6911381 


•0008183306 


1228 


1495729 


1829276567 


34-9714169 


10-6940486 


•0008176615 


1224 


1498176 


1833767424 


34-9867114 


10-6969625 


-0008169936 


1226 


1500625 


1838266626 


36-0000000 


10-6998748 


•0008163265 


1226 


1508076 


1842771176 


35-0142828 


10-7027865 


•0008166607 


1227 


1505529 


1847234083 


36-0285698 


10-7066947 


-0008149959 


1228 


1507984 


1851804352 


86-0428309 


10-7086023 


-0008143322 


1229 


1510441 


1856331989 


35-0670963 


10-7115083 


-0008136696 


1230 


1512900 


1860867000 


36-0713558 


10-7144127 


•0008130081 


1231 


1515361 


1865409391 


36-0866096 


10-7173165 


•0008123477 


1232 


1517824 


1869959168 


35-0998576 


10-7202168 


•0008116883 


1233 


1520289 


1874516337 


35-1140997 


10-7231165 


•0008110300 


1234 


1522756 


1879080904 


85-1283361 


10-7260146 


•0008103728 


1235 


1525225 


1883652875 


35-1425668 


10-7289112 


•0008097166 


1236 


1527696 


1888232256 


35-1667917 


10-7818062 


•0008090615 


1237 


1530169 


1892819053 


35-1710108 


10-7846997 


•0008084074 


1238 


1532644 


1897413272 


36-1862242 


10-7375916 


•0008077544 


1239 


1535121 


1902014919 


36-1994318 


10-7404819 


•OOO80n025 


1240 


1537600 


1906624000 


35-2136337 


10-7488707 


-0008064516 


1241 


1540081 


1911240521 


35-2278299 


10-7462679 


•0008058018 


1242 


1542564 


1915864488 


36-2420204 


10-7491486 


-0008051530 


1243 


1545049 


1920495907 


35-2562051 


10-7520277 


-0008046052 


1244 


1547536 


1925134784 


35-2703842 


10-8549108 


•0008038585 


1245 


1550025 


1929781125 


35-2845576 


10-7677913 


-0008032129 


1246 


1552516 


1934434936 


36-2987252 


10-7606708 


-0008026682 


1247 


1555009 


1939096223 


36-3128872 


10-7686488 


•0008019246 


1248 


1557504 


1943764992 


36-3270436 


10-7664262 


•0008012821 


1249 


1560001 


1948441249 


35-3411941 


10-7693001 


•OOO8006406 


1260 


1562500 


1953125000 


35-3553391 


10-7721785 


•0008000000 


1251 


1565001 


1957816251 


35-3694784 


10-7750463 


•0007998605 


1252 


1667504 


1962615008 


35-3836120 


10-7779156 


-0007987220 


1253 


1570009 


1967221277 


35-3977400 


10-7807843 


•0007980846 


1254 


1572516 


1971935064 


35-4118624 


10-7836516 


•0007974482 


1256 


1575025 


1976656375 


35-4259792 


10-7865178 


•0007968127 


1256 


1577536 


1981385216 


35-4400903 


10-7898815 


•0007961783 


1257 


1580049 


1986121593 


35-4641958 


10-7922441 


•0007955449 


1258 


1582564 


1990865512 


35-4682957 


10-7951053 


•0007949126 


1259 


1585081 


1995616979 


35-4823900 


10-7979649 


•0007942812 


1260 


1587600 


2000376000 


35-4964787 


10-8008230 


•OOO7936608 


1261 


1590121 


2005142581 


35-6105618 


10-8086797 


•0007980214 


1262 


1592644 


2009916728 


35-5246393 


10-8065348 


•OOO7923930 


1263 


1595169 


2014698447 


36-6387113 


10-8098884 


•0007917656 


1264 


1597696 


2019487744 


35-5527777 


10-8122404 


•O007911892 


1265 


1600225 


2024284625 


35-5668385 


10-8150909 


•0007905188 


1266 


1602756 


2029089096 


35-6808937 


10-8179400 


•0007898894 


1267 


1605289 


2033901163 


86-6949434 


10-8207876 


•0007892660 


1268 


1607824 


2088720832 


36-6089876 


10-8286386 


•0007886485 


1269 


1610361 


204364S109 


35-6280262 


10-8264782 


•0007880221 


1270 


1612900 


2048383000 


85-6370693 


10-8293213 


•0007874016 



SQUABKS, CXJBBS, BOOTS, AND BECIFBOOALS. 



31 



In 


Skmare 


CniM 




Cube Boot 


Beciprocal 


Si 


1615441 


2058225511 


85-6610869 


10-8821629 


•0007867821 


B 


1617984 


2058075648 


35-6661090 


10-8360030 


•0007861635 


m 


1620529 


2062933417 


35-6791255 


10-8378416 


•0007855460 


174 


1628076 


2067798824 


35-6931366 


10-8406788 


•00078492W 


tl5 


1626625 


2072671875 


36-7071421 


10-8435144 


•0007843137 


ff6 


1688176 


2077552676 


85-7211422 


10-8463485 


•0007836991 


177 


1690729 


2082440933 


85-7361867 


10-8491812 


•0007830854 


m 


1688284 


2087336952 


36-7491268 


10-8620126 


•0007824726 


m 


1636841 


2092240689 


86-7681095 


10-8648422 


-0007818608 


280 


1638400 


2097152000 


85-7770876 


10-8676704 


•0007812500 


^1 


1640961 


2102071041 


85-7910603 


10-8604972 


•0007806401 


.282 


1643524 


2106997768 


35-8060276 


10-8633225 


•0007800312 


.283 


1646089 


2111932187 


85-8189894 


10-8661464 


•0007794232 


[284 


1648656 


2116874304 


36-8329457 


10-8689687 


•0007788162 


1285 


1651225 


2121824125 


85-8468966 


10-8717897 


•0007782101 


1286 


1653796 


2126781666 


35-8608421 


10-8746091 


•0007776060 


1287 


1666369 


2131746903 


35-8747822 


10-8774271 


•0007770008 


1288 


1668944 


2136719872 


35-8887169 


10-8802436 


•0007763976 


1289 


1661521 


2141700569 


35-9026461 


10-8830587 


•0007757952 


1290 


1664100 


2146689000 


36-9165699 


10-8858723 


•0007751938 


1291 


1666681 


2151686171 


35-9304884 


10-8886846 


•0007746933 


1292 


1669264 


2156689088 


35-9444015 


10-8914962 


•0007739938 


1293 


1671849 


2161700757 


36-9583092 


10-8943044 


•0007733962 


1294 


1674436 


2166720184 


33-9722115 


10-8971123 


•0007727975 


1295 


1677025 


2171747375 


35-9861084 


10-8999186 


•0007722008 


1296 


1679616 


2176782336 


36-0000000 


10-9027235 


•0007716049 


1297 


1682209 


2181826073 


86-0138862 


10-9065269 


•0007710100 


L298 


1684804 


2186876692 


36-0277671 


10-9083290 


•0007704160 


1299 


1687401 


2191933899 


36-0416426 


10-9111296 


-0007698229 


1300 


1690000 


2197000000 


36-0656128 


10-9139287 


•0007692308 


L301 


1692601 


2202073901 


36-0693776 


10-9167266 


•0007686395 


1302 


1695204 


2207166608 


36-0832371 


10-9195228 


•0007680492 


1303 


1697809 


2212246127 


36-0970913 


10-9223177 


•0007674697 


1304 


1700416 


2217342464 


86-1109402 


10-9251111 


•0007668712 


[305 


1703025 


2222447625 


86-1247837 


10-9279031 


•0007662835 


.306 


1705636 


2227660616 


36-1386220 


10-9306937 


•0007656968 


.307 


1708249 


2232681443 


36-1524560 


10-9334829 


•000765110» 


308 


1710864 


2237810112 


36-1662826 


10-9362706 


•0007645260 


309 


1713481 


2242946629 


36-1801060 


10-9390569 


•00076394111 


310 


1716100 


2248091000 


36-1989221 


10-9418418 


•0007633588 


311 


1718721 


2258243231 


36-2077340 


10-9446253 


•0007627761 


312 


1721344 


2258403328 


86-2215406 


10-9474074 


•00076219S 


313 


1723969 


2263671297 


36-2353419 


10-9501880 


•0007616141 


314 


1726596 


2268747144 


36-2491379 


10-9529673 


•0007610361 


315 


1729225 


2278930875 


86-2629287 


10-9567461 


•000760456) 


316 


1731856 


2279122496 


86-2767148 


10-9686215 


•000759878^ 


317 


1734489 


2284322013 


36-2904946 


10-9612965 


•000759301^ 


318 


1787124 


2289629432 


36-3042697 


10-9640701 


•000758723 


319 


1739761 


2294744769 


86-3180396 


10-9668423 


•0007581501 



400 


SQUABBS, CX7BEB, BOOTS, AND 


BBCIPBOOALeL 


Na 


Square 


Cube 


SquoeBoot 


CabeBoot 


Bedprool 


1320 


1742400 


2299968000 


86-3318042 


10-9696181 


•0007575758 


1321 


1745041 


2805199161 


36-3455637 


10-9728825 


•OOO7570023 


1822 


1747684 


2310438248 


86-8593179 


10-9761605 


•0007564297 


1323 


1750329 


2315685267 


86-8780670 


10-9779in 


•0007558579 


1324 


1752976 


2320940224 


36-3868108 


10-9806823 


•0007652870 


1325 


1755625 


2326208125 


36-4005494 


10-9834462 


•OOO754n70 


1326 


1758276 


2331473978 


36-4142829 


10-9862086 


•0007641478 


1327 


1760929 


2336762783 


86-4280112 


10-9889696 


•0007635795 


1328 


1763584 


2342039652 


86-4417343 


10-9917293 


•0007530120 


1329 


1766241 


2347334289 


36-4654523 


10-9944876 


•0007524454 


1330 


1768900 


2352637000 


36-4691650 


10-9972445 


•0007618797 


1331 


1771661 


2367947691 


36-4828727 


11-0000000 


•0007513148 


1332 


1774224 


2363266368 


36-4965752 


11-0027541 


•0007507508 


1333 


1776889 


2368693037 


36-5102726 


11-0055069 


•0007601875 


1334 


1779556 


2373927704 


36-5239647 


11-0082583 


•0007496-252 


1336 


1782225 


2379270375 


36-5376518 


11-0110082 


•0007490637 


1336 


1784896 


2384621056 


36-5613338 


11-0137569 


•0007485030 


1337 


1787569 


2389979753 


36-5650106 


11-0165041 


-0007479432 


1338 


1790244 


2395346472 


36-5786823 


11-0192600 


•0007473842 


1339 


1792921 


2400721219 


36-6923489 


11-0219945 


•0007468260 


1340 


1795600 


2406104000 


36-6060104 


11-0247377 


•0007462687 


1341 


1798281 


2411494821 


36-6196668 


11-0-274796 


•0007457122 


1342 


1800964 


2416893688 


36-6333181 


11-0302199 


•0007451565 


1343 


1803649 


2422300607 


36-6469644 


11-0329690 


•0007446016 


1344 


1806336 


2427716584 


36-6606056 


11-0366967 


•0007440476 


1345 


1809025 


2433138625 


36-6742416 


11-0384330 


•0007434944 


1346 


1811716 


2438569736 


36-6878726 


11-0411680 


•0007429421 


1347 


1814409 


2444008923 


36-7014986 


11-0439017 


•OO07428905 


1348 


1817104 


2449456192 


36-7151195 


11-0466339 


•0007418398 


1349 


1819801 


2454911549 


36-7287353 


11-0493649 


•0007412898 


1360 


1822500 


2460376000 


36-7423461 


11-0620946 


•0007407407 


1351 


1825201 


2465846661 


36-7659519 


11-0548227 


•0007401924 


1362 


1827904 


2471326208 


36-7695626 


11-0576497 


•0007396450 


1353 


1830609 


2476813977 


36-7831483 


11-0602762 


•0007390983 


1354 


1833316 


2482309864 


36-7967390 


11-0629994 


•0007385524 


1365 


1836025 


2487813875 


36-8103246 


11-0657222 


K)OO7380074 


1356 


1838736 


2493326016 


36-8239053 


11-0684437 


•0007374631 


1367 


1841449 


2498846293 


36-8874809 


11-0711639 


•0007369197 


1358 


1844164 


2504374712 


36-8510515 


11-0738828 


•OOO7M70 


1359 


1846881 


2509911279 


36-8646172 


11-0766003 


•0007358352 


1360 


1849600 


2515456000 


36-8781778 


11-0793165 


•0007352941 


1361 


1852321 


2521008881 


36-8917335 


11-0820314 


•0007347539 


1362 


1856044 


2526569928 


36-9052842 


11-0847449 


•0007342144 


1363 


1867769 


2532139147 


36-9188299 


11-0874571 


•0007336757 


1364 


1860496 


2537716644 


36-9323706 


11-0901679 


•0007381378 


1365 


1863225 


2543302125 


36-9459064 


11-0928775 


•OOO73-26007 


1366 


1865956 


2548895896 


36-9694372 


11-0956867 


•OOO7320644 


1367 


1868689 


2654497863 


36-9729631 


11-0982926 


•0007315289 


1368 


1871424 


2560108032 


36-9864840 


11-1009982 


•0007309942 



SQU4BE8, CUBES, BOOTS, AND BECIFBOOALS. 



401 



No. 


Square 


Cabe 


SqiuumBoot 


Cube Root 


Reciprocal 


1369 


1874161 


2565726409 


37-0000000 


11-1037025 


•0007804602 


1370 


1876900 


2571353000 


37-0185110 


11-1064054 


•0007299270 


1371 


1879641 


2576987811 


37-0270172 


11-1091070 


•0007293946 


1372 


1882384 


2582630848 


87-0405184 


11-1118073 


•0007288630 


1373 


1885129 


2588282117 


87-0540146 


11-1145064 


•0007283821 


1374 


1887876 


2593941624 


87-0675060 


11-1172041 


•0007273020 


1376 


1890625 


2599609375 


37-0809924 


11-1199004 


•0007272727 


1376 


1893378 


2605286376 


87-0944740 


11-1225965 


•0007267442 


1377 


1896129 


2610969638 


87-1079506 


11-1252893 


•0007262164 


1378 


1898884 


2616662152 


87-1214224 


11-1279817 


•0007266894 


1379 


1901641 


2622362939 


37-1348893 


11-1306729 


•0007261632 


1380 


1904400 


2628072000 


37-1483512 


11-1333628 


•0007246377 


1381 


1907161 


2638789341 


37-1618084 


11-1360514 


•0007241130 


1382 


1909924 


2639514968 


37-1762606 


11-1387386 


•0007235890 


1383 


1912689 


2645248887 


37-1887079 


11-1414246 


•0007230668 


1384 


1916456 


2650991104 


37-2021505 


11-1441093 


•0007225434 


1385 


1918225 . 


2656741625 


37-2155881 


11-1467926 


•0007220217 


1386 


1920996 


2662500456 


37-2290209 


11-1494747 


•0007215007 


1387 


1928769 


2668267603 


87-2424489 


11-1521555 


•0007209805 


1388 


1926544 


2674043072 


37-2558720 


11-1548350 


•0007204611 


1389 


1929321 


2679826869 


87-2692903 


11-1576133 


•0007199424 


1390 


1932100 


2685619000 


87-2827037 


11-1601903 


•0007194245 


1391 


1934881 


2691419471 


37-2961124 


11-1628659 


•0007189073 


1392 


1937664 


2697228288 


87-3095162 


11-1655403 


•0007183908 


1393 


1940449 


2703045457 


87-3229152 


11-1682134 


-0007178761 


1394 


1943236 


2708870984 


87-3363094 


11-1708852 


•0007173601 


1396 


1946025 


2714704875 


37-3496988 


11-1735658 


•0007168469 


1396 


1948816 


2720547136 


87-3630834 


11-1762250 


•0007163824 


1397 


1961609 


2726397773 


87-3764632 


11-1788930 


•0007158196 


1398 


1954404 


2732256792 


37-3898382 


11-1815598 


•0007163076 


1399 


1957201 


2738] 24199 


87-4032084 


11-1842252 


•0007147963 


1400 


1960000 


2744000000 


37-4165738 


11-1868894 


•0007142867 


1401 


1962801 


2749884201 


37-4299345 


11-1895523 


-0007137759 


1402 


1966604 


2755776808 


37-4432904 


11-1922139 


•0007132668 


1403 


1968409 


2761677827 


37-4566416 


11-1948743 


-0007127584 


1404 


1971216 


2767587264 


37-4699880 


11-1975334 


•0007122507 


1405 


1974025 


2773505125 


37-4833296 


11-2001913 


•0007117438 


1406 


1976836 


2779431416 


37-4966665 


11-2028479 


•0007112376 


1407 


1979649 


2785366143 


37-5099987 


11-2066032 


•0007107321 


1408 


1982464 


2791309312 


37-5233261 


11-2081673 


•0007102273 


1409 


1985281 


2797260929 


87-5366487 


11-2108101 


•0007097232 


1410 


1988100 


2803221000 


37-6499667 


11-2134617 


•0007092199 


1411 


1990921 


2809189531 


87-5682799 


11-2161120 


•0007087172 


1412 


1993744 


2815166528 


37-5765885 


11-2187611 


•0007082153 


1413 


1996569 


2821151997 


87-5898922 


. 11-2214089 


•0007077141 


1414 


1999396 


2827145944 


37-6081913 


11-2240654 


^0007072136 


1415 


2002225 


2833148375 


37-6164857 


11-2267007 


-0007067138 


1416 


2005056 


2839159296 


37-6297754 


11-2293448 


•0007062147 


1417 


2007889 


2845178713 


37-6430604 


11-2319876 


•0007057163 












26 



4m 



aQXTARBSy CUBES, BOOTS, AND BECIPJLOCALS. 



No. 


Sqoaie 


Cabe 


Square Boot 


Cube Boot 


Bedprocal 


1418 


2010724 


2851206632 


37-6563407 


11-2346292 


•0007052186 


U19 


2013561 


2857243059 


87-6696164 


11-2372696 


•0007047216 


1420 


2016400 


2863288000 


37-6828874 


11-2399087 


•0007041^54 


1421 


2019241 


2869341461 


37-6961536 


11-2425465 


•0007037298 


1422 


2022084 


2875408U8 


87-7094153 


11-2461831 


•0007032349 


1423 


2024929 


2881478967 


87-7226722 


11-2478185 


•0007027407 


1424 


2027776 


2887553024 


37-7359245 


11-2504527 


•0007022472 


1425 


2030625 


2893640625 


37-7491722 


11-2530856 


•0007017544 


1426 


2033476 


2899736776 


37-7624152 


11-2557173 


•0007012623 


1427 


2036329 


2905841483 


87-7766535 


11-2683478 


•0007007708 


1428 


2039184 


2911964752 


37-7888873 


11-2609770 


•0007002801 


1429 


2042041 


2918076589 


37-8021163 


11-2636050 


•0006997901 


1430 


2044900 


2924207000 


37-8153408 ' 


11-2662318 


•OQ(»993007 


1431 


2047761 


2930345991 


37-8285606 


11-2688673 


•0OOB988120 


1432 


2050624 


2936493563 


37-8417759 


11-2714816 


•0OO6983240 


1433 


2053489 


2942649737 


87-8549864 


11-2741047 


•0OO6978367 


1434 


2056366 


2948814504 


37-8681924 


11-2767266 
11-2793472 


•0OO6973501 


1436 


2059225 


2954987875 


37-8813938 


•0006968641 


1436 


2062096 


2961169856 


37-8945906 


11-2819666 


•0006963788 


1437 


2064969 


2967360453 


37-9077828 


11-2845849 


•0006958942 


1438 


2067844 


2973559672 


37-9209704 


11-2872019 


•0006954103 


1439 


2070721 


2979767519 


87-9341535 


11-2898177 


•0006949270 


1440 


2073600 


2985984000 


87-9473319 


11-2924323 


•0006944444 


1441 


2076481 


2992209121 


87-9605058 


11-2950457 


•0006939625 


1442 


2079364 


2998442888 


37-9736751 


11-2976579 


•0006934813 


1443 


2082249 


8004685307 


37-9868398 


11-3002688 


•0006930007 


1444 


2085136 


3010936384 


38-0000000 


11-3028786 


•0O06925208 


1446 


2088025 


3017196125 


38-0131556 


11-3054871 


•0006920415 


1446 


2090916 


3023464536 


38-0263067 


11-3080945 


•0006915629 


1447 


2093809 


8029741623 


38-0394532 


11-8107006 


•0006910850 


1448 


2096704 


8036027392 


38-0525952 


11-8133056 


•0006906078 


1449 


2099601 


8042321849 


38-0657326 


11-3159094 


-0006901312 


1460 


2102500 


3048625000 


38-0788655 


11-3185119 


•0006896552 


1461 


2105401 


3054936851 


88-0919939 


11-3211132 


•0006891799 


1462 


2108304 


8061257408 


38-1051178 


11-3237134 


•0006887052 


1453 


2111209 


3067586677 


38-1182371 


11-3263124 


•0006382312 


1454 


2114116 


3073924664 


38-1313619 


11-3289102 


•0006877579 


1455 


2117025 


3080271376 


88-1444622 


11-3315067 


•0006872852 


1456 


2119936 


3086626816 


38-1575681 


11-3341022 


•0006868132 


1457 


2122849 


3092990993 


88-1706693 


11-3366964 


•0006863418 


1458 


2125764 


3099363912 


38-1837662 


11-3392894 


•0006858711 


1459 


2128681 


8105745579 


38-1968585 


11-3418813 


•0006854010 


1460 


2131600 


3112136000 


38-2099463 


11-3444719 


•0006849315 


1461 


2134521 


3118536181 


38-2230297 


11-3470614 


•0006844627 


1462 


2137444 


8124943128 


38-2361086 


11-3496497 


•0006839945 


1463 


2140369 


8131369847 


38-2491829 


11-3522368 


•0006835270 


1464 


2143296 


3137786344 


38-2622629 


11-8548227 


•0006830601 


1465 


2146225 


8144219625 


38-2753184 


11-3574076 


•0006825939 


1466 


2149166 


3160662696 


88-2883794 


11-3599911 


!0006821282 



flQUABM, CUBIS, BOOTS, AND BBCIPBOGALS. 



408 



No. 


SqjoMn 


Cube 


Square Root 


CabeBoot 


Reciprocal 


1467 


2152069 


3157114563 


883014360 


11-8626736 


-0006816633 


1468 


2155024 


3163575232 


38-3144881 


11-3651647 


-0006811989 


1469 


2157961 


3170044709 


88-3275358 


11-8677347 


-0006807352 


1470 


2160900 


3176528000 


38-3405790 


11-3703136 


-0006802721 


1471 


2163841 


8183010111 


88-3636178 


11-3728914 


-0006798097 


1472 


2166784 


3189506048 


38-8666622 


11-3764679 


-0006793478 


1473 


2169729 


8169010817 


38-3796821 


11-3780483 


•0006788866 


1474 


2172676 


3202524424 


38-3927076 


11-3806176 


•0006784261 


1475 


2175625 


8209046875 


38-4057287 


11-3831906 


•0006779661 


1476 


2178576 


3215578176 


38-4187454 


11-3867626 


•0006775068 


1477 


2181529 


8222118333 


38-4317677 


11-3883332 


•0006770481 


1478 


2184484 


3228667352 


88-4447656 


11-3909028 


-0006765900 


1479 


2187441 


3235225239 


38-4577691 


11-3934712 


-0006761325 


1480 


2190400 


3241792000 


38-4707681 


11-3960384 


•0006766767 


1481 


2193361 


3248367641 


38-4837627 


11-3986046 


•0006752194 


1482 


2196324 


3264952168 


38-4967530 


11-4011695 


•0006747638 


1483 


2199289 


3261545587 


38-5097890 


11-4037332 


-0006743088 


1484 


2202256 


3268147904 


38-5227206 


11-4062969 


-0006738644 


1485 


2205225 


3274759125 


38-5356977 


11-4088574 


-0006734007 


1486 


2208196 


3281379266 


38-5486705 


11-4114177 


-0006729476 


1487 


2211169 


3288008303 


38-5616889 


11-4139769 


-0006724960 


1488 


2214144 


3294646272 


38-5746030 


11-4165349 


-0006720430 


1489 


2217121 


3301293169 


88-5876627 


11-4190918 


•0006715917 


1490 


2220100 


3307949000 


38-6005181 


11-4216476 


•0006711409 


1491 


2223061 


3314618771 


38-6134691 


11-4242022 


-0006706908 


1492 


2226064 


3321287488 


88-6264158 


11-4267556 


-0006702413 


1493 


2229049 


3327970157 


38-6393682 


11-4293079 


-0006697924 


1494 


2232086 


3334661784 


88-6522962 


11-4318591 


-0006693440 


1495 


2235025 


3341362375 


88-6652299 


11-4344092 


•0006688963 


1496 


2238016 


3348071986 


38-6781693 


11-4369581 


-0006684492 


1497 


2241009 


3354790473 


38-6910843 


11-4395059 


•0006680027 


1498 


2244004 


8361517992 


38-7040060 


11-4420525 


-0006675667 


1499 


2247001 


3368254499 


38-7169214 


11-4446980 


•0006671114 


1500 


2250000 


3375000000 


38-7298836 


11-4471424 


•0006666667 


1501 


2263001 


3381754501 


38-7427412 


11-4496857 


•0006662225 


1502 


2256004 


3388518008 


38-7656447 


11-4522278 


•0006667790 


1503 


2259009 


3395290527 


38-7685439 


11-4647688 


-0006643360 


1504 


2262016 


3402072064 


38-7814889 


11-4673087 


-0006648936 


1505 


2265025 


3408862626 


88-7943294 


11-4598474 


•0006644518 


1506 


2268086 


3415662216 


38-8072168 


11-4623850 


•0006640106 


1507 


2271049 


3422470843 


38-8200978 


11-4649215 


•0006635700 


1508 


2274064 


3429288512 


38-8329757 


11-4674568 


•0006631300 


1509 


2277081 


3436115229 


38-8468491 


11-4699911 


•0006626905 


1510 


2280100 


3442951000 


38-8587184 


11-4725242 


•0006622517 


1511 


2283121 


8449795831 


38-8715834 


11-4760562 


•0006618134 


1512 


2286144 


8456649728 


38-8844442 


11-4775871 


•0006613767 


1518 


2289169 


3468512697 


88-8973006 


11-4801169 


•0006609385 


1514 


2292196 


8470384744 


88-9101629 


11-4826455 


•0006605020 


1515 


2295225 


8477266875 


86-9230009 


11-4851731 


•0006600660 



V 



404 



SQUABSS, 0UBB8, BOOTS, AND BBCIFBOCALS. 



No. 


Square 


Cabe 




Cabe Root 


Bedprocal 


1516 


2298266 


3484166096 


88-9368447 


11*4876996 


•OOO6596306 


1617 


2801289 


3491056413 


38-9486841 


11-4902249 


•0006591958 


1618 


2304324 


3497963832 


88-9615194 


11-4927491 


•0006687^5 


1519 


2807361 


3604881359 


38-9743605 


11-4962722 


•0006683278 


1520 


2310400 


8511808000 


38-9871774 


11-4977942 


•0006578947 


1521 


2313441 


8618743761 


39-0000000 


11-6003161 


•0006674622 


1522 


2316484 


8525688648 


89-0128184 


11-6028348 


•0006570802 


1523 


2319529 


3532642667 


89-0256826 


11-6053686 


•0006565988 


1524 


2322576 


3539605824 


39-0384426 


11-6078711 


•0006561680 


1525 


2825625 


3546578125 


39-0512483 


11-6103876 


•0006657377 


1526 


2328676 


3553659576 


89-0640499 


11-6129030 


•0006553080 


1527 


2331729 


3560550183 


39-0768473 


11-5164173 


-0006548788 


1528 


2334784 


3567549952 


89-0896406 


11-5179305 


•0006544503 


1529 


2337841 


3574558889 


39-1024296 


11-5204425 


•0006540222 


1530 


2840900 


3581577000 


39-1162144 


11-5229536 


•0006535948 


1531 


2343961 


3588604291 


39-1279951 


11-5254634 


-0006631679 


1532 


2347024 


3595640768 


39-1407716 


11-5279722 


•0006527415 


1533 


2350089 


3602686437 


39-1635439 


11-5304799 


•0006523157 


1534 


2853156 


8609741304 


39-1663120 


11-6329865 


•0006518905 


1535 


2856225 


3616805375 


39-1790760 


11-5364920 


•0006514658 


1536 


2359296 


3623878656 


89-1918359 


11-6379965 


-0006510417 


1537 


2362369 


3630961153 


39-2045916 


11-5404998 


•0006506181 


1538 


2365444 


3638052872 


39 -2173431 


11-6430021 


•0006501951 


1539 


2368521 


3645153819 


39 -2300905 


11-5455033 


•0006497726 


1540 


2371600 


3652264000 


39-2428337 


11-5480034 


•0006498506 


1541 


2374681 


3659383421 


39-2555728 


11-5505025 


•0006489293 


1542 


2377764 


3666512088 


89-2683078 


11-5530004 


•0006485084 


1543 


2380849 


3673650007 


39-2810387 


11-5554973 


•0006480881 


1544 


2383936 


3680797184 


39-2937654 


11-6679931 


•0006476684 


1545 


2387025 


3687953625 


39-3064880 


11-6604878 


•0006472492 


1546 


2390116 


3695119336 


39-3192065 


11-6629815 


•OOO6468305 


1547 


2393209 


3702294323 


39-3319208 


11-6654740 


•0006464124 


1548 


2396304 


3709478592 


39-3446311 


11-5679655 


•0006469948 


1549 


2399401 


3716672149 


39-3573373 


11 •5704559 


•0006455778 


1550 


2402500 


3723875000 


39-3700394 


11-5729453 


•0006451613 


1551 


2405601 


3731087151 


39-3827373 


11-6754336 


•0006447453 


1552 


2408704 


3738308608 


39-3954312 


11-5779208 


•0006443299 


1553 


2411809 


3745539377 


39-4081210 


11-5804069 


•0006439150 


1554 


2414916 


3752779464 


39-4208067 


11-5828919 


•0006435006 


1555 


2418025 


3760028875 


39-4334883 


11-5853759 


•0006430868 


1556 


2421136 


3767287616 


39-4461658 


11-6878588 


•0006426735 


1557 


2424249 


3774555693 


39-4588393 


11-6903407 


. .0006422608 


1558 


2427364 


3781833112 


39-4715087 


11-5928215 


•0006418485 


1559 


2430481 


8789119879 


39-4841740 


11-5953013 


•0006414368 


1560 


2483600 


3796416000 


39-4968353 


11-5977799 


■0006410256 


1561 


2436721 


8803721481 


39-5094925 


11-6002576 


•0006406150 


1562 


2439844 


3811036328 


39-5221457 


11-6027842 


•0006402049 


1563 


2442969 


8818360547 


39-6347948 


11-6052097 


•0006397953 


1664 


2446096 


3825694144 


39-6474399 


11-6076841 


•OOC63938e2 



SQUABES, CUBES, BOOTS, AND BECIPB0CAL8. 



405 



No. 


SqUATB 


Cabe 


Square Boot 


Cube Boot 


Bedprocal 


1565 


2449225 


8833087125 


89-5600809 


11-6101575 


•0006889776 


1566 


2452356 


3840389496 


39-5727179 


11-6126299 


•0006385696 


1567 


2455489 


3847751263 


89-6853508 


11-6151012 


•0006381621 


1568 


2458624 


3855122432 


89-5979797 


11-6175715 


•0006377551 


1569 


2461761 


3862503009 


39-6106046 


11-6200407 


-0006373486 


1570 


2464900 


3869893000 


39-6282255 


11-6225088 


•0006869427 


1571 


2468041 


3877292411 


39-6868424 


11-6249759 


•0006365372 


1572 


2471184 


3884701248 


39-6484552 


11-6274420 


•0006361323 


1573 


2474329 


8892119617 


39-6610640 


11-6299070 


•0006357279 


1574 


2477476 


8899547224 


39-6786688 


11-6323710 


•0006353240 


1575 


2480625 


3906984375 


39-6862696 


11-6348839 


•0006349026 


1576 


2483776 


3914430976 


39-6988665 


11-6372957 


•0006345178 


1577 


2486929 


3921887033 


89-7114593 


11-6397566 


•0006341154 


1578 


2490084 


3929352552 


89-7240481 


11-6422164 


•0006887136 


1579 


2498241 


8936827539 


39-7366829 


11-6446751 


•0006333122 


1580 


2496400 


3944312000 


39-7492138 


11-6471329 


•0006329114 


1581 


2499561 


3951805941 


89-7617907 


11-6495895 


•0006325111 


1582 


2502724 


8959309368 


39-7743636 


11-6520452 


•0006321113 


1583 


2505889 


3966822287 


39-7869325 


11*6544998 


•0006317119 


1584 


2509056 


3974344704 


39-7994975 


11-6569534 


•0006343131 


1585 


2512225 


3981876625 


39-8120585 


11-6594059 


•0006309148 


1586 


2515396 


3989418056 


89-8246155 


11-6618574 


•0006305170 


1587 


2518569 


3996969003 


39-8371686 


11-6643079 


•0006301197 


1588 


2521744 


4004529472 


39-8497177 


11-6667574 


•0006297229 


1589 


2524921 


4012099469 


39-8622628 


11-6692058 


•0006293266 


1590 


2528100 


4019679000 


39-8748040 


11-6716532 


•0006289308 


1591 


2531281 


4027268071 


39-8873413 


11-6740996 


•0006285355 


1592 


2534464 


4034866688 


39-8998747 


11-6765449 


•0006281407 


1593 


2537649 


4042474857 


39-9124041 


11-6789892 


•0006277464 


1594 


2540836 


4050092584 


39-9249295 


11-6814325 


•0006273526 


1595 


2544025 


4057719875 


39-9374511 


11-6838748 


•0006269592 


1596 


2547216 


4065356736 


39-9499687 


11-6863161 


•0006265664 


1597 


2550409 


4073003173 


39-9624824 


11-6887563 


•0006261741 


1598 


2553604 


4080659192 


39-9749922 


11-6911955 


-0006257822 


1599 


2556801 


4088324799 


39-9874980 


11-6936337 


•0006253909 


1600 


2560000 


4096000000 


40-0000000 


11-6960709 


•0006250000 


1601 


2563201 


4103684801 


40-0124980 


11-6985071 


•0006246096 


1602 


2566404 


4111379208 


40-0249922 


11-7009422 


-0006242197 


1603 


2569609 


4119083227 


40-0374824 


11-7033764 


-0006238303 


1604 


2572816 


4126796864 


40-0499688 


11-7058095 


•0006234414 


1605 


2576025 


4134520125 


40-0624512 


11-7082417 


-0006230530 


1606 


2579236 


4142253016 


40-0749298 


11-71067-28 


-0006226650 


1607 


2582449 


4149995543 


40-0874045 


11-7131029 


•0006222775 


1608 


2585664 


4157747712 


40-0998753 


11-7155320 


•0006218905 


1609 


2588881 


4165509529 


40-1123423 


11-7179601 


•0006215040 


1610 


2592100 


4173281000 


40-1248053 


11-7203872 


•0006211180 


1611 


2595321 


4181062131 


40-1372645 


11-72-28133 


•0006207325 


1612 


2598544 


4188852928 


40-1497198 


11-7252384 


-0006203474 


1613 


2601769 


4196653397 


40-1621713 


11-7276625 


•0006199628 



405 



SQUABES, CUBES, BOOTS, AND BECIPBOOALS. 



Ko. 


Sqjiare 


Cabe 




Cube Boot 


Redprocal 


1614 


2604996 


4204463644 


40-1746188 


11-7300856 


•0006195787 


1616 


2608225 


4212288375 


40-1870626 


11-7825076 


-0006191950 


1616 


2611456 


4220112896 


40-1996025 


11-7349286 


•0006188119 


1617 


2614689 


4227952118 


40-2119385 


11-7378487 


•0006184292 


1618 


2617924 


4235801032 


40-2248707 


117397677 


•0006180470 


1619 


2621161 


4243659659 


40-2367990 


11-7421858 


•0006176652 


1620 


2624400 


4251528000 


40-2492286 


11-7446029 


•OO06172840 


1621 


2627641 


4269406061 


40-2616443 


11-7470190 


-0006169031 


1622 


2630884 


4267293848 


40-2740611 


11-7494341 


•0006165228 


1623 


2634129 


4275191367 


40-2864742 


11-7618482 


•0006161429 


1624 


2637376 


4283098624 


40-2988834 


11-7542613 


-0006167635 


1625 


2640626 


4291015626 


40-3112888 


11-7566734 


-0006163846 


1626 


2643876 


4298942376 


40-3236903 


11-7590846 


•0006150062 


1627 


2647129 


4306878888 


40-3360881 


11-7614947 


•0006146282 


1628 


2650384 


4314825152 


40-3484820 


11-7639039 


•O006142506 


1629 


2653641 


4322781189 


40-3608721 


11-7663121 


•0006188735 


1680 


2656900 


4330747000 


40-8782586 


11-7687193 


•0006134969 


1631 


2660161 


4338722591 


40-3856410 


11-7711266 


•0006181208 


1632 


2663424 


4346707968 


40-3980198 


11-7735306 


•0006127451 


1633 


2666689 


4354703137 


40-4103947 


11-7759349 


•0006123699 


1634 


2669956 


4362708104 


40-4227658 


11-7788381 


•0006119951 


1635 


2673225 


4370722876 


40-4351332 


11-7807404 


•0006116208 


1636 


2676496 


4378747456 


40-4474968 


11-7881417 


•0006112469 


1637 


2679769 


4386781853 


40-4698566 


11'7856420 


•0006108735 


1688 


2683044 


4394826072 


40-4722127 


11-7879414 


•0006105006 


1639 


2686321 


4402880119 


40*4845649 


11-7903397 


•0006101281 


1640 


2689600 


4410944000 


40-4969135 


11-7927371 


•0006097561 


1641 


2692881 


4419017721 


40-5092582 


11-7951335 


•0006093845 


1642 


2696164 


4427101288 


40-6216992 


11-7975289 


•OOO6090134 


1643 


2699449 


4435194707 


40-5339364 


11-7999234 


■0006086427 


1644 


2702736 


4443297984 


40-5462699 


11-8023169 


•0006082725 


1646 


2706026 


4451411126 


40-5585996 


11-6047094 


•0006079027 


1646 


2709316 


4459534136 


40-5709255 


11-8071010 


•0006075334 


1647 


2712609 


4467667023 


40-5832477 


11-8094916 


•0006071645 


1648 


2715904 


4476809792 


40-6955663 


11-8118812 


•0006067961 


1649 


2719201 


4483962449 


40-6078810 


11-8142698 


•0006064281 


1650 


2722500 


4492125000 


40-6201920 


11-8166576 


•0006060606 


1651 


2725801 


4500297451 


40-6324993 


11-8190443 


•0006056^ 


1652 


2729104 


4508479808 


40-6448029 


11-8214301 


•0006053269 


1653 


2732409 


4516672077 


40-6571027 


11-8238149 


•OOO6O49607 


1654 


2735716 


4524874264 


40-6693988 


11-8261987 


-0006045949 


1655 


2739025 


4533086376 


40-6816912 


11-8285816 


•0006042296 


1656 


2742336 


4541308416 


40-6939799 


11-8309634 


-0006038647 


1657 


2745649 


4549540393 


40-7062648 


11-8333444 


•OOO6O35003 


1658 


2748964 


4557782312 


40-7186461 


11-8357244 


•0006031363 


1659 


2752281 


4566034179 


40-7308237 


11*8381034 


•0006027728 


1660 


2755600 


4574296000 


40-7430976 


11-8404815 


1 •00060240961 


1661 


2758921 


4582567781 


40-7553677 


11*8428586 


1 -0006020470 


1662 


2762244 


4590849528 


40-7676342 


11*8462348 


1 •0006016847 



SQITABXS, CUBES, BOOTS, AND REOIPBOG AL8. . 



407 



No. 


Sqoare 


Cube 


Square Root 


Cube Boot 


Beciprocal 


1663 


2766509 


4599141247 


40-7798970 


li-8476100 


•0006018229 


1664 


2768896 


4607442994 


40-7921661 


11-8499843 


•0006009616 


1665 


2772^-5 


4615754625 


40-8044115 


11-8623676 


-0006006006 


1666 


2775566 


4624076296 


40-8166633 


11-8647299 


-0006002401 


1667 


2778889 


4632407963 


40-8289113 


11-8571014 


-0005998800 


1668 


2782224 


4640749632 


40-8411557 


11-8594719 


•0006996204 


1669 


2786561 


4649101309 


40-8538964 


11-8618414 


-0005991612 


1670 


2788900 


4657463000 


40-8656335 


11-8642100 


-0005988024 


1671 


2792241 


4665834711 


40-8778669 


11-8665776 


•0006984440 


1672 


2795584 


4674216448 


40-8900966 


11-8689443 


-0005980861 


1673 


2798929 


4682608217 


40-9023227 


11-8713100 


-0006977286 


1674 


2802276 


4691010024 


40-9145451 


11-8736748 


-0005973716 


1675 


2806625 


4699421875 


40-9267638 


11-6760387 


-0005970149 


1676 


2808976 


4707843776 


40-9389790 


11-8784016 


•0005966687 


1677 


2812329 


4716275733 


40-9511905 


11-8807636 


-0006963029 


1678 


2816684 


4724717752 


40-9633983 


11-8831246 


•0006959476 


1679 


2819041 


4733169839 


40-9756025 


11-8854847 


•0005956926 


1680 


2822400 


4741632000 


40-9878031 


11-8878439 


•0006962381 


1681 


2825761 


4750104241 


41-0000000 


11-8902022 


•0005948840 


1682 


2829124 


4758586568 


41-0121933 


11-8925596 


•0005946303 


1683 


2832489 


4767078987 


41-0243830 


11-8949169 


•0006941771 


1684 


2835856 


4775581504 


41-0365691 


11-8972713 


•0005938242 


1685 


2839225 


4784094125 


41-0487515 


11-8996258 


•0005934718 


1686 


2842596 


4792616856 


41-0609303 


11-9019793 


•0005931198 


1687 


2845969 


4801149703 


41-0731055 


11-9043319 


•0006927682 


1688 


2849344 


4809692672 


41-0852772 


11-9066836 


•0005924171 


1689 


2852721 


4818245769 


41-0974452 


11-9090344 


•0005920663 


1690 


2856100 


4826809000 


41-1096096 


11-9113843 


•0006917160 


1691 


2359481 


4835382371 


41-1217704 


11-9137332 


•0006913661 


1692 


2862864 


4843965888 


41-1339276 


11-9160812 


-0005910166 


1693 


2866249 


4852559557 


41-1460812 


11-9184283 


-0006906676 


1694 


2869636 


4861163384 


41-1582313 


11-9207744 


-0006903188 


1695 


2873025 


4869777375 


41-1703777 


11-9281196 


•0006899706 


1696 


2876416 


4878401536 


41-1826206 


11-9264639 


-0005896226 


1697 


2879809 


4887035873 


41-1946599 


11-9278073 


•0005892762 


1698 


2883204 


4895680392 


41-2067956 


11-9301497 


-0006889282 


1699 


2886601 


4904335099 


41-2189277 


11-9324913 


-0005885816 


1700 


2890000 


4913000000 


41-2310563 


11-9348319 


•0005882368 


1701 


2893401 


4921675101 


41-2431812 


11-9371716 


• -0005878895 


1702 


2896804 


4930360408 


41-2553027 


11-9395104 


-0005875441 


1703 


2900209 


4939055927 


41-2674205 


119418482 


-0005871991 


1704 


2903616 


4947761664 


41-2795349 


11-9441852 


-0006868545 


1705 


2907025 


4956477625 


41-2916456 


11-9466213 


-0006866103 


1706 


2910436 


4965203816 


41-3037629 


11-9488564 


-0006861666 


1707 


2913849 


4973940243 


41-3158665 


11-9611906 


•0006868231 


1708 


2917264 


4982686912 


41-3279566 


11-9535239 


-0006854801 


1709 


2920681 


4991443829 


41-3400532 


11 •9568663 


•0006861376 


1710 


2924100 


5000211000 


41-3521463 


11-9681878 


-0006847953 


1711 


2927521 


5008988431 


41-3642358 


11-9605184 


-0006844636 



408 



SQUARES, CUBES, BOOTS, AND BEOIPBOCAIiS. 



Ko. 


Square 


Cube 


SqnanRoot 


CnlMsBoot 


Reclproeel 


1712 


2930944 


6017776128 


41-8763217 


11-9628481 


•0005841121 


1718 


2934869 


5026674097 


41-3884042 


11-9661768 


•0005837712 


m4 


2937796 


6035382344 


41-4004831 


11-9676047 


•0006884306 


1716 


2941226 


6044200875 


41-4125585 


11-9698317 


•0005830904 


1716 


2944656 


6053029696 


41-4246304 


11-9721577 


•0005827506 


1717 


2948089 


6061868813 


41-4366987 


11-9744829 


•0005824112 


1718 


2951524 


6070718232 


41-4487636 


11-9768071 


•0005820722 


1719 


2954961 


6079577959 


41-4608249 


11-9791304 


•0005817336 


1720 


2968400 


5088448000 


41-4728827 


11-9814528 


•0005813953 


1721 


2961841 


5097328361 


41-4849370 


11-9837744 


•0005810575 


1722 


2965284 


5106219048 


41-4969878 


11-9860950 


•0005807201 


1723 


2968729 


5115120067 


41-5090351 


11-9884148 


•0005803831 


1724 


2972176 


5124031424 


41-5210790 


11-9907336 


•0005800464 


1726 


2975625 


5132953125 


41-5331193 


11-9930516 


•0005797101 


1726 


2979076 


5141885176 


41-5451561 


11-9953686 


•0006793743 


1727 


2982529 


5160827583 


41-5571896 


11-9976848 


•0005790388 


1728 


2985984 


6159780352 


41-5692194 


12-0000000 


•0006787037 


1729 


2989441 


6168743489 


41-6812457 


12-0023144 


•0005783690 


1730 


2992900 


5177717000 


41-5932686 


12-0046278 


-0005780347 


1731 


2996361 


5186700891 


41-6052881 


12-0069404 


-0005777008 


1732 


2999824 


6195695168 


41-6173041 


12-0092521 


•0005773672 


1733 


3003289 


6204699837 


41-6293166 


12-0115629 


•0006770340 


1734 


8006756 


5213714904 


41-6413256 


12-0138728 


•0005767013 


1736 


8010225 


5222740375 


41-6533312 


12-0161818 


•0005763689 


1736 


3013696 


5231776256 


41-6653333 


12-0184900 


•0005760369 


1737 


8017169 


6240822553 


41-6773319 


12-0207973 


•0005757052 


1738 


3020644 


5249879272 


41-6893271 


12-0231037 


•0005753740 


1739 


3024121 


6258946419 


41-7013189 


12-0254092 


-0005750431 


1740 


3027600 


5268024000 


41-7133072 


12-0277138 


•0005747126 


1741 


8031081 


5277112021 


41-7252921 


12-0300175 


•0005743825 


1742 


8034564 


5286210488 


41-7372735 


12-0323204 


•0005740528 


1743 


3038049 


5295319407 


41-7492515 


12-0346223 


•0005737235 


1744 


3041536 


5304438784 


41-7612260 


12-0869233 


•0005733945 


1745 


8045025 


6313568625 


41-7731971 


12-0392235 


•0005730659 


1746 


8048516 


5322708936 


41-7851648 


12-0415229 


•0005727377 


1747 


8052009 


5331859723 


41-7971291 


12-0438213 


•0005724098 


1748 


8055504 


5341020992 


41-8090899 


120461189 


-0005720824 


1749 


3059001 


5350192749 


41-8210473 


12-0484156 


•0005717553 


1750 


8062500 


5359375000 


41-8330013 


12-0507114 


•0005714286 


1751 


8066001 


5368567751 


41-8449519 


12-0530063 


•0005711022 


1752 


8069504 


5377771008 


41-8568991 


12-0553003 


•0005707763 


1753 


8073009 


5386984777 


41-8688428 


12-0575935 


•0005704507 


1764 


8076516 


5396209064 


41-8807832 


12-0598859 


•0005701254 


1755 


3080025 


5405443875 


41-8927201 


12-0621773 


•0005698006 


1766 


8083536 


5414689216 


41-9046537 


12-0644679 


•0005694761 


1757 


8087049 


5423945093 


41-9165838 


12-0667576 


•0005691520 


1758 


8090564 


5433211612 


41-9285106 


12-0690464 


•0005688282 


1769 


8094081 


5442488479 


41-9404339 


12-0713344 


•0005685048 


1760 


809'/600 


6451776000 


41-9623539 


12-0736215 


•0005681818 



flQUAlUBS, OTTBES, ROOTS, AND RSCIPBOOALB. 



40» 



No. 


Square 


Cube 


Square Root 


Cube Boot 


Reciprocal 


1761 


3101121 


6461074081 


41-9642705 


12-0759077 


•0005678592 


1762 


8104644 


5470382728 


41-9761837 


12-0781930 


•0005676369 


1763 


8108169 


6479701947 


41-9880936 


12-0804775 


•0005672160 


1764 


8111696 


6489031744 


42-0000000 


12-0827612 


•0005668984 


1765 


8115225 


6498372126 


42-0119031 


12-0850439 


•0005665722 


1766 


8118756 


6507723096 


42-0238028 


12-0873258 


•0006662514 


1767 


8122289 


5517084663 


42-0356991 


12-0896069 


•0006659310 


1768 


3125824 


6526456832 


42-0475921 


12-0918870 


•0005666109 


1769 


3129361 


5635839609 


42-0594817 


12-0941664 


•0006652911 


1770 


8132900 


6545233000 


42-0713679 


12-0964449 


•0005649718 


1771 


3186441 


6554637011 


42-0882508 


12-0987226 


-0005646627 


1772 


8139984 


6564051648 


42-0951304 


12-1009993 


-0006643841 


1773 


3143529 


6578476917 


42-1070065 


12-1032753 


•0005640158 


1774 


8147076 


6582912824 


42-1188794 


12-1055603 


•0006636979 


1775 


8150625 


5692359375 


42-1307488 


12-1078246 


•0005633803 


1776 


8154176 


5601816576 


42-1426150 


12-1100979 


•0006630631 


1777 


3157729 


5611284433 


42-1544778 


12-1123704 


•0005627462 


1778 


3161284 


5620762952 


42-1663373 


12-1146420 


•0005624297 


1779 


3164841 


5630252139 


42-1781934 


12-1169128 


•0005621136 


1780 


3168400 


5639752000 


42-1900462 


12-1191827 


•0005617978 


1781 


3171961 


6649262541 


42-2018957 


12-1214518 


•0005614823 


1782 


3175524 


5658783768 


42-2137418 


12-1237200 


-0005611672 


1783 


3179089 


6668315687 


42-2265846 


12-1259874 


-0005608525 


1784 


8182656 


5677858304 


42-2374242 


12-1282539 


•0006605881 


1786 


3186225 


5687411625 


42-2492608 


12-1305197 


•0005602241 


1786 


8189796 


5696975666 


42-2610932 


12-1327845 


•0005599104 


1787 


3193369 


5706550403 


42-2729227 


12-1350485 


•0006695971 


1788 


8196944 


5716135872 


42-2847490 


12-1373117 


•0005592841 


1789 


3200521 


5725732069 


42-2965719 


12-1395740 


•0005589716 


1790 


3204100 


5735339000 


42-3083918 


12-1418355 


•0005586592 


1791 


8207681 


6744956671 


42-3202079 


12-1440961 


•0006583473 


1792 


3211264 


5754585088 


42-3320210 


12-1463569 


•0006580357 


1793 


8214849 


5764224257 


42-3438307 


12-1486148 


•0006577246 


1794 


3218436 


5773874184 


42-3656371 


12-1508729 


•0006674186 


1796 


3222025 


6783534875 


42-3674403 


12-1531302 


•0005571031 


1796 


3225616 


6793206336 


42-3792402 


12-1553866 


•0006667929 


1797 


3229209 


5802888573 


42-3910368 


12-1576422 


-0005564830 


1798 


3232804 


5812581692 


42-4028301 


12-1598970 


•0006561735 


1799 


3236401 


5822285399 


42-4146201 


12-1621509 


•0005558644 


1800 


3240000 


6832000000 


42-4264069 


12-1644040 


•0006556666 


1801 


3243601 


5841725401 


42-4381903 


12-1666562 


•0005562471 


1802 


3247204 


5861461608 


42-4499705 


12-1689076 


•0005549890 


1803 


3250809 


6861208627 


42-4617475 


12-1711582 


•0005546312 


1804 


8254416 


5870966464 


42-4735212 


12-1734079 


•0005543237 


1805 


3258025 


5880735125 


42-4852916 


12-1756669 


•0005640166 


1806 


3261636 


5890514616 


42-4970587 


12-1779050 


•0005537099 


1807 


3265249 


6900304943 


42-5088226 


12-1801622 


•0005534034 


1808 


3268864 


6910106112 


42-5205883 


12-1823987 


•0005530978 


1809 3272481 


5919918129 


42-6323406 


12-1846443 


•0005527916 



410 



BQUABBS, CUBES, BOOTS, AND RECIFB0CAL8. 



No. 


Square 


Cube 


Square Root 


CnlMjRoot 


Beciprocal 


1810 


8276100 


6929741000 


42-6440948 


12-1868891 


•0005524862 


1811 


8279721 


5989574781 


42-6668466 


12-1891831 


•0005621811 


1812 


3283344 


5949419828 


42-5675933 


121913762 


•0006618764 


1813 


8286969 


6959274797 


42-6793377 


12-1936185 


•0005515720 


1814 


8290596 


5969141144 


42-5910789 


12-1968599 


•0006612679 


1815 


8294225 


5979018375 


42-6028168 


12-1981006 


•0005509642 


1816 


8297856 


5988906496 


42-6145516 


12-2003404 


•0006506608 


1817 


8301489 


5998805518 


42-6262829 


12-2025794 


•0005503677 


1818 


8305124 


6008715432 


42-6380112 


12-2048176 


•0005500550 


1819 


3308761 


6018686259 


42-6497362 


12-2070549 


•0005497526 


1820 


3312400 


6028668000 


42-6614580 


12-2092915 


•0005494505 


1821 


3316041 


6038610661 


42-6731766 


12-2115272 


•0005491488 


1822 


3319684 


6048464248 


42-6848919 


12-2137621 


•0005488474 


1823 


3323329 


6058428767 


42-6966040 


12-2159962 


•0005485464 


1824 


3326976 


6068404224 


42-7083130 


12-2182295 


•0005482456 


1825 


3330625 


6078390626 


42-7200187 


12-2204620 


•0005479452 


1826 


3334276 


6088387976 


42-7317212 


12-2226936 


•0005476451 


1827 


3337929 


6098396283 


42-7434206 


12-2249244 


•0005473454 


1828 


3341684 


6108416552 


42-7551167 


12-2271544 


•0005470460 


1829 


3345241 


6118445789 


42-7668095 


12-2298836 


•0005467469 


1830 


3348900 


6128487000 


42-7784992 


12-2316120 


-0005464481 


1831 


3352561 


6138639191 


42-7901858 


12-2338396 


•0005461496 


1832 


3356224 


6148602368 


42-8018691 


12-2360663 


•0005458515 


1833, 


8359889 


6158676637 


42-8135492 


12-2382923 


•0005465537 


1834 


3363656 


6168761704 


42-8252262 


12-2406174 


•0005452563 


1836 


3367225 


6178857875 


42-8868999 


12-2427418 


•0005449691 


1836 


3370896 


6188965056 


42-8485706 


12-2449653 


•0005446623 


1837 


3374569 


6199083253 


42-8602380 


12-2471880 


•0005443658 


1838 


8378244 


6209212472 


42-8719022 


12-24'94099 


•0005440696 


1839 


8381921 


6219352719 


42-8836633 


12-2516310 


•0005437738 


1840 


3385600 


6229504000 


42-8952212 


12-2538613 


•0005434788 


1841 


8389281 


6239666321 


42-9068769 


12-2560708 


•0005431881 


1842 


3392964 


6249839688 


42-9185276 


12-2582895 


•0005428882 


1843 


8896649 


6260024107 


42-9301759 


12-2605074 


•0005425936 


1844 


8400336 


6270219584 


42-9418211 


12-2627246 


•000549^993 


1845 


3404025 


6280426125 


42-9534632 


12-2649408 


•0005420054 


1846 


3407716 


6290643736 


42-9651021 


12-2671563 


•0005417118 


1847 


3411409 


6300872423 


42-9767379 


12-2693710 


•0006414185 


1848 


3415104 


6311112192 


42-9883705 


12-2715849 


•0005411255 


1849 


3418801 


6321363049 


43-0000000 


12-2737980 


•0005408329 


1850 


8422500 


6331625000 


43-0116263 


12-2760103 


•0005405405 


1851 


3426201 


6341898051 


43-0232495 


12-2782218 


•0005402485 


1862 


3429904 


6352182208 


43-0348696 


12-2804325 


•0005399568 


1863 


3433609 


6362477477 


43-0464865 


12-2826424 


•0005396654 


1854 


3437316 


6372783864 


43-0681003 


12-2848515 


•0005393743 


1855 


8441025 


6383101376 


43-0697109 


12-2870598 


•0005390836 


1856 


3444736 


6393430016 


43-0813186 


12-2892673 


•0005887981 


1857 


8448449 


6408769793 


43-0929228 


12-2914740 


•0005885080 


1868 


8452164 


6414120712 


431045241 


12-2936800 


•0006382131 



SgtTABBS, CUBES, BOOTS, AND BEOIFBOOALB. 



411 



No. 


S<|iiare 


Cate 


SqoanBoot 


CobeBoot 


Reciprocal 


1859 


3455881 


6424482779 


431161228 


12-2958861 


•0006379236 


1860 


3459600 


6434856000 


43-1277178 


12-2980896 


•0005376844 


1861 


8463321 


6445240881 


43*1398092 


12-3002930 


•0006378466 


1862 


8467044 


6455635928 


43-1608980 


12-3024958 


•0006370669 


1863 


8470769 


6466042647 


431624837 


12-3046978 


•0005367687 


1864 


8474496 


6476460544 


43-1740663 


12-3068990 


•0006364807 


1865 


8478225 


6486889625 


43-1866458 


12-3090994 


•0005361980 


1866 


8481956 


6497329896 


43-1972221 


12-3112991 


•0006359057 


1867 


3485689 


6507781363 


43-2087964 


12-3134979 


•0006356186 


1868 


8489424 


6518244032 


43-2203666 


12-3166959 


•0005353819 


1869 


3493161 


6528717909 


43-2319326 


12'3178932 


•0005360455 


1870 


8496900 


6539203000 


43-2434966 


12-3200897 


•0006347594 


isn 


3500641 


6549699311 


43-2560576 


12-3222854 


•0005344785 


1872 


3504384 


6560206848 


43-2666163 


12-3244803 


•0005341880 


1873 


3508129 


6570725617 


43-2781700 


12-3266744 


*0006339028 


1874 


3511876 


6581255624 


43-2897216 


12-3288678 


•0005336179 


1875 


8515625 


6591796875 


43-3012702 


12-3310604 


•0006333333 


1876 


3519376 


6602349376 


43-3128157 


12-3332522 


•0006330490 


1877 


3523129 


6612913133 


43-3243580 


12-3354432 


•0006327661 


1878 


3526884 


6623488152 


43-3358973 


12-3376334 


•0006324814 


1879 


8530641 


6634074439 


43-3474386 


12-3398229 


•0006321980 


1880 


3534400 


6644672000 


43-3589668 


12-3420116 


•0006319149 


1881 


3538161 


6655280841 


43-3704969 


12-3441995 


•0006316321 


1882 


3541924 


6665900968 


43-3820239 


12-3463866 


•0005313496 


1883 


3545689 


6676532387 


43-3936479 


12-3486730 


•0005310674 


1884 


8549456 


6687176104 


43-4050688 


12-3507686 


•0006307866 


1886 


8553225 


6697829125 


43-4165867 


12-3629434 


•0006306040 


1886 


3556996 


6708494456 


43-4281015 


12-3551274 


•0005302227 


1887 


3560769 


6719171103 


43-4396132 


12-3573107 


•0005299417 


1888 


3564544 


6729859072 


43-4511220 


12-3594932 


•0006296610 


1889 


3568321 


6740558869 


43-4626276 


12-3616749 


•0006293806 


1890 


3572100 


6761269000 


43-4741302 


12-3638669 


•0005291005 


1891 


3575881 


6761990971 


43-4856298 


12-3660361 


•0006288207 


1892 


8579664 


6772724288 


43-4971263 


12-3682155 


•0006285412 


1893 


8583449 


6783468957 


43-5086198 


12-3703941 


•0006282620 


1894 


3687236 


6794224984 


43-5201103 


12-3725721 


•0006279831 


1895 


3591025 


6804992375 


43-6315977 


12-3747492 


•0006277045 


1896 


3594816 


6815771136 


43-5430821 


12-3769255 


-0005274262 


1897 


3598609 


6826561273 


43-5646686 


12-3791011 


0006271481 


1898 


3602404 


6837362792 


43-6660418 


12-3812759 


•0005268704 


1899 


3606201 


6848175699 


43-6775171 


12-3834500 


-0005265929 


1900 


3610000 


6859000000 


43-5889894 


12-3856233 


•0005268168 


1901 


3613801 


6869835701 


43-6004687 


12-3877959 


•0005260389 


1902 


3617604 


6880682808 


43-6119249 


12-3899676 


•0005257624 


1903 


3621409 


6891541327 


43-6233882 


12-3921386 


•0006264861 


1904 


3625216 


6902411264 


43-6348485 


12-3943089 


•0005262101 


1905 


3629025 


6913292625 


43-6463067 


12-3964784 


•0006249344 


1906 


3632836 


6924185416 


43-6577599 


12-3986471 


•0005246590 


1907 


3636649 


6936089643 


43-6692111 


12-4008161 


•0006243838 



412 


SQITABBS, CUBES, BOOTS, AND 


RECIPBOGALS. 


No. 


Square 


Cube 


SqvaieSoot 


Cube Root 


Reciprocal 


1908 


3640464 


6946005812 


43-6806693 


12-4029823 


-0005241090 


1909 


8644281 


6956982429 


43-6921045 


12-4061488 


•0005238345 


1910 


8648100 


6967871000 


437085467 


12-4078145 


•0005235602 


1911 


3661921 


6978821031 


43-7149860 


12-4094794 


•0005232862 


1912 


8655744 


6989782628 


43-7264222 


12-4116436 


•0006230126 


1913 


8659569 


7000755497 


437378654 


12-4138070 


•0005227392 


1914 


8663896 


7011739944 


43-7492857 


12-4159697 


•0005224660 


1916 


3667226 


7022736876 


437607129 


12-4181316 


•0005221932 


1916 


3671056 


7033743296 


43-7721373 


12-4202928 


•O0O5219207 


1917 


8674889 


7044762213 


48-7835586 


12-4224533 


■0005216484 


1918 


3678724 


7055792632 


437949768 


12-4246129 


•0005213764 


1919 


3682561 


7066834669 


43-8063922 


12-4267719 


•0006211047 


1920 


8686400 


7077888000 


43-8178046 


12-4289300 


-0005208333 


1921 


3690241 


7088962961 


43-8292140 


12-4310875 


•0005205622 


1922 


3694084 


7100029448 


43-8406204 


12-4832441 


•0006202914 


1923 


3697929 


7111117467 


43-8520239 


12-4354001 


•0005200208 


1924 


3701776 


7122217024 


43-8634244 


12-4375652 


•0005197505 


1925 


8705625 


7133328126 


43-8748219 


12-4397097 


•0006194805 


1926 


3709476 


7144450776 


43-8862165 


12-4418634 


•0005192108 


1927 


3713329 


7155684983 


43-8976081 


12-4440163 


-0005189414 


1928 


3717184 


7166730752 


43-9089968 


12-4461685 


•0006186722 


1929 


3721041 


7177888089 


48-9203725 


12-4483200 


•0005184033 


1930 


3724900 


7189057000 


43-9317652 


12-4604707 


•0006181347 


1931 


3728761 


7200237491 


43-9431461 


12-4526206 


•0006178664 


1932 


3732624 


7211429568 


43^645220 


12-4547699 


•0006175983 


1933 


8736489 


7222633237 


43-9658969 


12-4669184 


•0006178306 


1934 


3740856 


7233848504 


43-9772668 


12-4590661 


•0006170631 


1935 


3744225 


7245076375 


43-9886349 


12-4612131 


•0006167959 


1936 


3748096 


7266313866 


44-0000000 


12-4633694 


•0005165289 


1937 


3761969 


7267563953 


44-0113622 


12-4666049 


•0006162623 


1938 


3765844 


7278826672 


44-0227214 


12-4676497 


-0005159959 


1939 


3759721 


7290099019 


44-0340777 


12-4697937 


•0005157298 


1940 


3763600 


7301384000 


44-0454311 


12-4719370 


•0005154639 


1941 


3767481 


7312680621 


44-0567815 


12-4740796 


•00051519&4 


1942 


3771364 


7323988888 


44-0681291 


12-4762214 


•0006149331 


1943 


8776249 


7336308807 


44-0794737 


12-4783625 


•0006146680 


1944 


3779136 


7346640384 


44-0908164 


12-4806029 


•0005144033 


1945 


8783026 


7367983625 


44-1021541 


12-4826426 


•0005141388 


1946 


3786916 


7369338636 


44-1134900 


12-4847815 


•0005188746 


1947 


8790809 


7380705123 


44-1248229 


12-4869197 


•0005136107 


1948 


3794704 


7392083392 


44-1361530 


12-4890671 


•0005133470 


1949 


3798601 


7403473349 


44-1474801 


12-4911938 


•0005130836 


1950 


8802500 


7414876000 


44-1588043 


12-4933298 


•0005128205 


1951 


3806401 


7426288351 


44-1701266 


12-4954661 


•0005125577 


1952 


3810804 


7437713408 


44-1814441 


12-4976996 


•0005122951 


1953 


8814209 


7449160177 


441027596 


12-4997333 


•0006120328 


1954 


3818116 


7460698664 


44-2040722 


12-5018664 


•0006117707 


1955 


3822025 


7472058875 


44-2153819 


12-5039988 


•0006116090 


1956 


3825936 


7483630816 


44-2266888 


12-6061304 


•0006112474 



BQUABBS^ 0UBB8, SOOTS, AND BBOIFBOOALS. 



413 



Na 


Square 


Cabe 




CnbeRool 


Beclprocia 


1957 


8829849 


7495014493 


44*2379927 


12-6082612 


•0005109862 


1958 


8833764 


7606509912 


44-2492938 


12-5103914 


•0006107262 


1959 


8837681 


7518017079 


44-2605919 


12-6126208 


•0006104646 


1960 


3841600 


7529536000 


44-2718872 


12-6146495 


•0006102041 


1961 


8845521 


7541066681 


44-2831797 


12-6167775 


•0006099439 


1962 


3849444 


7552609128 


44-2944692 


12-5189047 


•0006096840 


1963 


3858369 


7564163347 


44-3057568 


12-5210313 


•0006094244 


1964 


8857296 


7675729344 


44*3170396 


12-5231671 


•0005091650 


1965 


8861225 


7587307125 


44*3283205 


12-5252822 


•0005089069 


1966 


3865156 


7598896696 


44*3396985 


12-5274065 


•0005086470 


1967 


3869089 


7610498063 


44-3608737 


12-5295302 


•0005083884 


1968 


3873024 


7622111232 


44*3621460 


12-5316531 


•0005081301 


1969 


3876961 


7633736209 


44-3734155 


12-6337753 


•0005078720 


1970 


8880900 


7645373000 


44-3846820 


12-5358968 


•0006076142 


1971 


3884841 


7657021611 


44-3969457 


12-6380176 


-0006078667 


1972 


3888784 


7668682048 


44-4072066 


12-5401377 


•0006070994 


1973 


3892729 


7680354317 


44-4184646 


12-5422570 


•0005068424 


1974 


3896676 


7692038424 


44-4297198 


12'5443767 


•0005066866 


1975 


3900625 


7703734375 


44*4409720 


12-5464936 


•0006063291 


1976 


3904576 


7715442176 


44-4522216 


12-6486107 


•0005060729 


1977 


3908529 


7727161833 


44-4634681 


12-5507272 


-0006068169 


1978 


8912484 


7738893362 


44-4747119 


12-6628430 


•0005056612 


1979 


3916441 


7750636739 


44-4859628 


12-5649580 


•0005058057 


1980 


3920400 


7762392000 


44-4971909 


12-5670723 


•0005050605 


1981 


3924361 


7774169141 


44-6084262 


12-6591860 


•0005047966 


1982 


3928324 


7786938168 


44-5196586 


12-6612989 


-0005045409 


1983 


8932289 


7797729087 


44-5308881 


12-6634111 


•0005042864 


1984 


3936256 


7809631904 


44-6421149 


12-6666226 


•0005040323 


1985 


3940225 


7821346625 


44-5633388 


12-6676334 


•0005037783 


1986 


3944196 


7833173256 


44-6645699 


12-5697436 


•0005035247 


1987 


3948169 


7846011803 


44-5757781 


12-5718529 


•0005032713 


1988 


8952144 


7866862272 


44-6869936 


12-5739615 


•0006030181 


1989 


3956121 


7868724669 


44-5982062 


12-6760695 


•0005027652 


1990 


3960100 


7880599000 


44-6094160 


12-5781767 


•0006026126 


1991 


3964081 


7892485271 


44-6206230 


12-6802832 


•0005022602 


1992 


3968064 


7904383488 


44-6318272 


12-5823891 


•0006020080 


1993 


8972049 


7916293657 


44-6430286 


12-5844942 


•0005017661 


1994 


3976036 


7928215784 


44-6542271 


12-6865987 


•0006016045 


1995 


8980025 


7940149875 


44-6654228 


12-6887024 


•0005012631 


1996 


3984016 


7962095936 


44-6766158 


12-6908054 


•0006010020 


1997 


3988009 


7964063973 


44-6878069 


12-5929078 


•0006007611 


1998 


3992004 


7976023992 


44-6989933 


12-6960094 


•0006005006 


1999 


8996001 


7988006999 


44-7101778 


12-5971103 


•0006002501 


2000 


4000000 


8000000000 


44-7213696 


12-5992105 


•0005000000 


2001 


4004001 


8012006001 


44-7326385 


12-6013101 


•0004997601 


2002 


4008004 


8024024008 


44-7437146 


12-6034089 


•0004996005 


2003 


4012009 


8036064027 


44-7548880 


12-6055070 


•0004992611 


2004 


4016016 


8048096064 


44-7660586 


12-6076044 


•0004990020 


2005 


4020025 


8060150125 


44-7772264 


12-6097011 


•0004987581 



414 



SQUABESy OUBESy BOOTS, AKB BECIFBOCAI^. 



Ko. 


Square 


Cnle 


SqnaxeSoot 


Cube Root 


Beciprocal 


2006 


4024036 


8072216216 


44-7883913 


12-611797lr. 


•0004985045 


2007 


4028049 


8084294343 


44-7995636 


12-6138924' 


•0004982561 


2008 


4032064 


8096384512 


44-8107130 


12-6159870 


•0004980080 


2009 


4036081 


8108486729 


44-8218697 


12-6180810 


•QOO4977601 


2010 


4040100 


8120601000 


44-8880236 


12-6201743 


•0004975124 


2011 


4044121 


8132727331 


44-8441746 


12-6222669 


•OOO4972650 


2012 


4048144 


8144865728 


44-8553230 


12-6243587 


•0004970179 


2013 


4052169 


8157016197 


44-8664685 


12-6264499 


•0004967710 


2014 


4056196 


8169178744 


44-8776113 


12-6285404 


•0004965243 


2015 


4060225 


8181353375 


44-8887514 


12-6306301 


•0004962779 


2016 


4064256 


8198540096 


44-8998886 


12-6327192 


•0004060317 


2017 


4068289 


8205738913 


44-9110231 


12-6348076 


•0OO4957S58 


2018 


4072324 


8217949832 


44-9221549 


12-6368953 


•0004955401 


2019 


4076361 


8230172859 


44-9332839 


12-6389823 


-0004952947 


2020 


4080400 


8242408000 


44-9444101 


12-6410687 


•0004950495 


2021 


4084441 


8254655261 


44-9555336 


12-6431543 


-0004948046 


2022 


4088484 


8266914648 


44-9666543 


12-6452393 


•0004945598 


2023 


4092529 


8279186167 


44-9777723 


12-6473235 


•0004943154 


2024 


4096576 


8291469824 


44-9888875 


12-6494071 


-0004940711 


2026 


4100625 


8303765625 


45-0000000 


12-6614900 


•0004938272 


2026 


4104676 


8316073576 


45-0111097 


12-6585722 


•0004935834 


2027 


4108729 


8328393683 


45-0222167 


12-6566538 


-0004933399 


2028 


4112784 


8340725952 


45-0333210 


12-6577346 


•0004930966 


2029 


4116841 


8353070389 


46-0444226 


12-6598148 


•0004928536 


2030 


4120900 


8365427000 


45-0565213 


12-6618943 


•0004926108 


2031 


4124961 


8377796791 


45-0666173 


12-6639731 


•0004923683 


2032 


4129024 


8390176768 


45-0777107 


12-6660512 


•0004921260 


2033 


4133089 


8402569937 


46-0888013 


12-6681286 


•0004918839 


2034 


4137166 


8414975304 


46-0998891 


12-6702063 


•0004916421 


2035 


4141226 


8427392875 


46-1109743 


12-6722814 


•0004914005 


2036 


4145296 


8439822666 


45-1220567 


12-6743667 


•0004911591 


2037 


4149369 


8452264653 


45-1331364 


12-6764314 


•0004909180 


2038 


4153444 


8464718872 


45-1442134 


12-6786064 


•0004906771 


2039 


4167521 


8477185319 


45-1562876 


12-6806788 


•0004904365 


2040 


4161600 


8489664000 


46-1663692 


12-6826614 


-0004901961 


2041 


4165681 


8602154921 


45-1774280 


12-6847284 


•0004899559 


2042 


4169764 


8514658088 


45-1884941 


12-6867947 


•0004897160 


2043 


4173849 


8527173507 


45-1995576 


12-6888654 


•0004894762 


2044 


4177936 


8539701184 


45-2106182 


12-6909364 


•0004892368 


2045 


4182025 


8562241126 


46-2216762 


12-6930047 


•0004889976 


2046 


4186116 


8664793336 


46-2327316 


12-6960738 


•0004887586 


2047 


4190209 


8677367828 


45-2437841 


12-6971412 


•0004885198 


2048 


4194304 


8689934692 


45-2648340 


12-6992084 


•0004882813 


2049 


4198401 


8602623649 


45-2658812 


12-7012750 


•0004880429 


2050 


4202500 


8616125000 


45-2769257 


12-7033409 


•0004878C49 


2051 


4206601 


8627738651 


45-2879676 


12-7054061 


•0004875670 


2052 


4210704 


8640364608 


46-2990066 


12-7074707 


•0004873294 


2058 


4214809 


8663002877 


46-3100430 


12-7095346 


•0004870921 


2054 


4218916 


8666653464 


46-3210768 


12-7116978 


•0004868649 
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Na 


Square 


Cube 


Square Root 


Cabe Root 


Reciprocal 


2055 


^28025 


8678316375 


45-8321078 


12-7186608 


•0004866180 


2056 


4227136 


8690991616 


45 •3431862 


12-7157222 


•0004863813 


2057 


4281249 


8708679193 


45-3541619 


12-7177835 


•0004861449 


VS5S 


4235364 


8716379112 


45'3661849 


12-7198441 


•0004859086 


2059 


4239481 


8729091379 


46-3762062 


12-7219040 


•0004866727 


2060 


4243600 


8741816000 


45-3872229 


12-7239632 


•0004854369 


2061 


4247721 


8754552981 


45-3982878 


12-7260218 


•0004852014 


2062 


4251844 


8767302328 


45-4092501 


12-7280797 


-0004849661 


2063 


4255969 


8780064047 


45-4202598 


12-7301370 


•0004847310 


2064 


4260096 


8792838144 


45-4312668 


12-7321935 


•0004844961 


2065 


4264225 


8805624625 


45-4422711 


12-7342494 


•0004842615 


2066 


4268356 


8818423496 


45-4632727 
45-4642717 


12-7363046 


•0004840271 


2067 


4272489 


8831234763 


12-7883592 


•0004837929 


2068 


4276624 


8844058432 


45-4762680 


12-7404131 


•0004836590 


2069 


4280761 


8866894509 


45-4862616 


12-7424664 


•0004833253 


2070 


4284900 


8869743000 


46-4972526 


12-7446189 


•0004830918 


2071 


4289041 


8882603911 


45-5082410 


12-7466709 


•0004828685 


2072 


4293184 


8895477248 


45-5192267 


12-7486222 


•0004826256 


2073 


4297329 


8908363017 


45-6302097 


12-7606728 


•0004823927 


2074 


4301476 


8921261224 


46-6411901 


127527227 


•0004821601 


2075 


4305625 


8934171875 


45-6621679 


12-7547721 


•0004819277 


2076 


4309776 


8947094976 


46-5631430 


12-7568207 


•0004816966 


2077 


4313929 


8980030533 


46-5741155 


127688687 


•0004814636 


2078 


4318084 


8972978552 


46-6850853 


12-7609160 


•0004812320 


2079 


4322241 


8985939039 


46-6960526 


12-7629627 


•0004810005 


2080 


4326400 


8998912000 


46-6070170 


12-7660087 


-0004807692 


2081 


4330561 


9011897441 


45-6179789 


12-7670540 


•0004805382 


2082 


4334724 


9024895368 


45-6289382 


12-7690987 


•0004803074 


2083 


4338889 


9037905787 


46-6398948 


127711427 


•0004800768 


2084 


4343056 


9050928704 


45-6508488 


12-7731861 


•0004798464 


2085 


4347225 


9063964125 


45-6618002 


12-7752288 


•0004796163 


2086 


4351396 


9077012056 


45-6727490 


12-7772709 


•0004793864 


2087 


4355S69 


9090072503 


45-6836951 


127793123 


•0004791567 


2088 


4359744 


9103145472 


45-6946386 


12-7813631 


•0004789272 


2089 


4363921 


9116230969 


46-7066795 


12-7833932 


-0004786979 


2090 


4868100 


9129329000 


45-7166178 


12-7864326 


•0004784689 


2091 


4372281 


9142439571 


45-7274634 


12-7874714 


•0004782401 


2092 


4376464 


9155562688 


46-7383865 


12-7895096 


•0004780115 


2093 


4380649 


9168698357 


45-7493169 


12-7915471 


•0004777831 


2094 


4884836 


9181846584 


45-7602447 


12-7936840 


•0004775549 


2095 


4389025 


9195007375 


46-7711699 


127956202 


•0004773270 


2096 


4393216 


9208180736 


45-7820926 


12-7976558 


•0004770992 


2097 


4397409 


9221386678 


457930126 


12-7996907 


•0004768717 


2098 


4401604 


9234566192 


46-8039299 


12-8017250 


•0001766444 


2099 


4405801 


9247776299 


45-8148447 


12-8037586 


•0004764173 


2100 


4410000 


9261000000 


45-8267569 


12-8057916 


•0004761905 


2101 


4414201 


9274236301 


45-8366665 


12-8078239 


•0004769638 


2102 


4418404 


9287485208 


45-8476736 


12-8098656 


•0004767374 


2103 


4422609 


9800746727 


45-8684779 


12-8118866 


•0004765112 
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SQUABXS, CUBBS, BOOTS, AND BBOIPROCALB. 


No. 


Square 


Cube 


Square Boot 


Cube Boot 


Reciprocal 


2104 


4426816 


9314020864 


46-8693798 


12*8139170 


•0004752852 


2106 


4431026 


9327807626 


46*8802790 


12-8159468 


*0004760594 


2106 


4436236 


9340607016 


46-8911756 


12-8179769 


•0004748338 


2107 


4439449 


9363919043 


46-9020696 


12-8200044 


•0004746084 


2108 


4443664 


9367248712 


46-9129611 


12-8220323 


-0004743833 


2109 


4447881 


9380681029 


46*9238600 


12-8240695 


•0004741584 


2110 


4452100 


9393931000 


46-9347863 


12-8260861 


•0004739336 


2111 


4466321 


9407293631 


46-9456200 


12-8281120 


•0004737091 


2112 


4460644 


9420668928 


46-9666012 


12-8301373 


•0004734848 


2113 


4464769 


9434066897 


46-9673798 


12-8321620 


•0004732608 


2114 


4468996 


9447467644 


46-9782667 


12-8341860 


•0004730369 


2116 


4473225 


9460870876 


46-9891291 


12-8362094 


•0004728132 


2116 


4477456 


9474296896 


46-0000000 


12-8382321 


•0004725898 


2117 


4481689 


9487735613 


46-0108683 


12-8402542 


•0004723666 


2118 


4486924 


9501187032 


46-0217340 


12-8422766 


-0004721435 


2119 


4490161 


9614651159 


46-0325971 


12-8442964 


•0004719207 


2120 


4494400 


9528128000 


46-0434677 


12-8463166 


•0004716981 


2121 


4498641 


9541617561 


46-0643158 


12-8483361 


•0004714757 


2122 


4602884 


9666119848 


46-0661712 


12-8603561 


•0004712535 


2123 


4507129 


9668634867 


46-0760241 


12-8623733 


•0004710316 


2124 


4611376 


9682162624 


46-0868746 


12-8643910 


•0004708098 


2126 


4615625 


9695703126 


46 0977223 


12-8564080 


•0004705882 


2126 


4519876 


9609256376 


46-1085676 


12-8584243 


•0004703669 


2127 


4624129 


9622822383 


46-1194102 


12-8604401 


-0004701457 


2128 


4628384 


9636401162 


46-1302504 


12-8624562 


•0004699248 


2129 


4632641 


9649992689 


46-1410880 


12-8644697 


•0004697041 


2130 


4636900 


9663697000 


46-1519230 


12-8664835 


•0004694836 


2131 


4641161 


9677214091 


46-1627565 


12-8684967 


•0004692633 


2132 


4645424 


9690843968 


46-1735866 


12-8705093 


•0004690432 


2133 


4649689 


9704486637 


461844130 


12-8725213 


•0004688233 


2134 


4553956 


9718142104 


46-1952878 


12*8745326 


•0004686036 


2136 


4558226 


9731810376 


46-2060602 


12-8766433 


•0004683841 


2136 


4662496 


9745491466 


46-2168800 


12-8786534 


•0004681648 


2137 


4566769 


9769185353 


46-2276973 


12-8806628 


•0004679457 


2138 


4671044 


9772892072 


46-2385121 


12-8825717 


•0004677268 


2139 


4676321 


9786611619 


46-2493243 


12-8845199 


•0004675082 


2140 


4679600 


9800344000 


46-2601340 


12-8865874 


•0004672897 


2141 


4683881 


9814089221 


46-2709412 


12-8886944 


•0004670715 


2142 


4588164 


9827847288 


46-2817459 


12-8906007 


•0004668534 


2143 


4592449 


9841618207 


46-2925480 


12-8926064 


-0004666356 


2144 


4596736 


9856401984 


46-3033476 


12-8946116 


•0004664179 


2146 


4601025 


9869198626 


46-3141447 


12-8966159 


•OOO4662005 


2146 


4605316 


9883008136 


46*3249393 


12-8986197 


•0004669832 


2147 


4609609 


9896830523 


46*3357314 


12-9006229 


•0004667662 


2148 


4613904 


9910665792 


46-3465209 


12-9026255 


•0004665493 


2149 


4618201 


9924513949 


46-3573079 


12-9046276 


•0004663327 


2160 


4622500 


9938376000 


46-3680924 


12-9066288 


•0004651163 


2161 


4626801 


9952248961 


46*3788745 


12-9086296 


•0004649000 


2162 


4631104 


9966136808 


46-3896640 


12-9106296 


•0004646840 
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No. 


Square 


Cube 


Square Root 


Cube Root 




2153 


4685409 


9980085577 


46-4004310 


12-9126291 


•0004644682 


2154 


4639716 


9993948264 


46-4112066 


12-9146279 


-0004642626 


2155 


4644025 


10007873876 


46-4219776 


12-9166262 


•0004640371 


2156 


4648336 


10021812416 


46-4327471 


12-9186238 


•0004638219 


2157 


4652649 


10036768893 


46-4436141 


12-9206208 


•0004686069 


2158 


4656964 


10049728312 


46-4542786 


12-9226172 


•0004688920 


2159 


4661281 


10063706679 


46-4650406 


12-9246129 


•0004681774 


2160 


4665600 


10077696000 


46-4758002 


12-9266081 


•0004629630 


2161 


4669921 


10091699281 


46-4865572 


12-9286027 


•0004627487 


2162 


4674244 


10106716528 


46-4973118 


12-9305966 


-0004626347 


2163 


4678569 


10119744747 


46-6080638 


12-9326899 


•0004623209 


2164 


4682896 


10133786944 


46-6188134 


12-9346827 


-0004621072 


2165 


4687225 


10147842125 


46-6295606 


12-9365747 


-0004618938 


2166 


4691556 


10161910296 


46 '6403061 


12-9385662 


-0004616805 


2167 


4695889 


10176991463 


46-5510472 


12-9405670 


•0004614675 


2168 


4700224 


10190086632 


46-6617869 


12-9426472 


-0004612646 


2169 


4704561 


10204192809 


46-5725241 


12-9446369 


•0004610420 


2170 


4708900 


10218313000 


46-5832588 


12-9466259 


-0004608296 


2171 


4713241 


10232446211 


46-5939910 


12-9486143 


-0004606172 


2172 


4717584 


10246692448 


46-6047208 


12-9505021 


•0004604062 


2173 


4721929 


10260751717 


46-6164481 


12-9624893 


•0004601983 


2174 


4726276 


10274924024 


46-6261729 


12-9644769 


-0004599816 


2176 


4730626 


30289109376 


46-6368953 


12-9664618 


-0004697701 


2176 


4734976 


10303307776 


46-6476162 


12-9684472 


-0004696688 


2177 


4739329 


10317519233 


46-6583326 


12-9604319 


•0004598477 


2178 


4743684 


10331743762 


46-6690476 


12-9624161 


-0004691868 


2179 


4748041 


10346981339 


46-6797601 


12-9643996 


•0004689261 


2180 


4762400 


10360232000 


46-6904701 


12-9663826 


•0004587156 


2181 


4766761 


10374495741 


46-7011777 


12-9688649 


-0004685053 


2182 


4761124 


10388772568 


46-7118829 


12-9703466 


•0004582961 


2183 


4766489 


10403062487 


46-7226856 


12-9723277 


-0004680852 


2184 


4769856 


10417366604 


46-7332868 


12-9743082 


•0004578756 


2185 


4774226 


10431681626 


46-7439836 


12-9762881 


•0004576669 


2186 


4778696 


10446010866 


46-7646789 


12-9782674 


•0004574666 


2187 


4782969 


10460358203 


46-7653718 


12-9802461 


•0004672474 


2188 


4787344 


10474708672 


46-7760628 


12-9822242 


•0004670384 


2189 


4791721 


10489077269 


46-7867508 


12-9842017 


•0004668296 


2190 


4796100 


10603459000 


46-7974358 


12-9861786 


•0004666210 


2191 


4800481 


10517853871 


46-8081189 


12-9881649 


-0004664126 


2192 


4804864 


10532261888 


46-8187996 


12-9901306 


-0004662044 


2193 


4809249 


10546683057 


46-8294779 


12-9921067 


•0004669964 


2194 


4813636 


10661117384 


46-8401537 


12-9940802 


-0004657886 


2195 


4818026 


10676664876 


46-8508271 


12-9960540 


-0004556809 


2196 


4822416 


10690026636 


46-8614981 


12-9980273 


•0004563734 


2197 


4826809 


10604499378 


46-8721666 


13-0000000 


-0004651661 


2198 


4831204 


10618986392 


46-8828327 


13-0019721 


-00<J4549691 


2199 


4836601 


10633486699 


46-8934963 


13-0039436 


-0004647522 


2200 


4840000 


10648000000 


46-9041576 


13-0069146 


•0004646466 


2201 


4844401 


10662626601 


46-9148164 


13-0078848 


•0004648389 
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TABLE CXXVII, — ^FOURTH POWERS OF NUMBERS. 



Table CXXVII.— Fourth Powers of Numbers. 



No. 


4tli 
Power. 


Na 


4th 
Power. 


No. 


4th 
Power. 


No. 


4th 
Power. 


1 


1 


26 


456,976 


51 


6,766,201 


76 


33,362,176 


2 


16 


27 


531,441 


62 


7,311,616 


77 


85,153,041 


8 


81 


28 


614,656 


53 


7,890,481 


78 


37,015,056 


4 


256 


29 


707,281 


54 


8,508,056 


79 


88,950,081 


6 


625 


80 


810,000 


65 


9,160,626 


80 


40,960,000 , 


6 


1,296 


81 


923,521 


66 


9,834,496 


81 


43,046,721 


7 


2,401 


32 


1,048,576 


57 


10,556,001 


82 


45,212,176 , 


8 


4,096 


83 


1,185,921 


58 


11,816,496 


83 


47,458,321 , 


9 


6,661 


84 


1,836,336 


59 


12,117,361 


84 


49,787,136 


10 


10,000 


35 


1,600,625 


60 


12,960,000 


85 


52,200.625 


11 


14,641 


36 


1,679,616 


61 


13,845,841 


86 


64.708,016 ' 


12 


20,786 


37 


1,874,161 


62 


14,776,836 


87 


57,289,761 


18 


28,661 


38 


2,085,136 


68 


15,752,961 


88 


69,969,536 


U 


38,416 


39 


2,318,441 


64 


16,777,216 


89 


62,742,241 


15 


50,625 


40 


2,560,000 


65 


17,850,625 


90 


65,610,000 1 


16 


65,586 


41 


2,825,761 


66 


18,974,786 


91 


68,574,961 


17 


88,521 


42 


3,111,696 


67 


20,161,121 


92 


71,639,296 


18 


104,976 


43 


3,418,801 


68 


21,381,376 


93 


74,806,201 


19 


180,821 


44 


3,748,096 


69 


22,667,121 


94 


78,074,896 


20 


160,000 


45 


4,100,625 


70 


24,010,000 


95 


81,450,625 


21 


194,481 


46 


4,477,466 


71 


26,411,681 


96 


84,934,656 


22 


284,256 


47 


4,879,681 


72 


26,878,866 


97 


88,629,281 


23 


279,841 


48 


6,308,416 


73 


28,398,241 


98 


92,236,816 


24 


331,776 


49 


5,764,801 


74 


29,986,576 


99 


96,059,601 


26 


390,625 


50 


6,250,000 


75 


31,640,625 


100 


100,000,000 
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